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GEOMETRICAL  DRAWING 


INSTRUMENTS  AND  MATERIALS. 

1.  A drawing  is  a representation  of  objects  on  a plane 
surface  by  means  of  lines  or  lines  and  shades.  When  done 
by  the  use  of  free  hand  only,  it  is  called  freehand  drawing 
or  sketching ; when  instruments  are  used,  so  that  greater 
exactness  may  be  obtained,  it  is  called  instrumental,  or 
mechanical,  drawing. 

2.  All  of  the  instruments  and  materials  required  for 
the  courses  in  drawing  are  mentioned  in  the  following 
descriptions: 

The  drawing  hoard  should  be  made  of  well-seasoned, 
straight-grained  pine,  the  grain  running  lengthwise.  For 
this  course,  the  student  will  need  a board  of  the  following 
dimensions:  length  over  all,  22|  inches;  width,  1G|  inches. 

The  drawing  board  illustrated  in  Fig.  1 is  the  one  furnished 
in  our  students’  drawing  outfits  and  can  be  fully  recom- 
mended as  possessing  the  qualities  a good  and  accurate  board 
should  have.  1 1 is  made  of  several  pieces  of  pine  wood  glued 
together  to  the  required  width  of  the  board.  A pair  of  hard- 
wood cleats  is  screwed  to  the  back  of  the  board,  the  screws 
passing  through  the  cleats  in  oblong  slots  with  iron  bushings, 
which  allow  the  screws  to  move  freely  when  drawn  by  the 
contraction  and  expansion  of  the  board.  Grooves  are  cut 
through  half  the  thickness  of  the  board  over  the  entire  back 
side.  These  grooves  take  the  transverse  resistance  out  of 
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the  wood  and  allow  it  to  be  controlled  by  the  cleats,  at  the 
same  time  leaving  the  longitudinal  strength  nearly  unim- 
paired. In  order  to  provide  a perfectly  smooth  working 


edge,  for  the  head  of  the  T square  to  slide  against,  a strip 
of  hard  wrood  is  let  into  the  short  edges  of  the  board,  and  is 
sawed  through  in  several  places,  in  order  to  allow  for  the 
contraction  and  expansion  of  the  board.  The  cleats  also 
raise  the  board  from  the  table,  thus  making  it  easier  to 


1 ' 

A 

I . ° 

1 

B 



o 

— 

o o 

Fig.  2. 


change  the  position  of  the  board.  When  in  use  the  board  is 
placed  so  that  one  of  the  short  edges  is  at  the  left  of  the 
draftsman,  as  shown  in  Fig.  2. 

3.  The  T square  is  used  for  drawing  horizontal  straight 
lines.  The  head  A is  placed  against  the  left-hand  edge  of 
the  board,  as  shown  in  Fig.  2.  The  upper  edge  C of  the 
blade  B is  brought  very  near  to  the  point  through  which  it 
is  desired  to  pass  a line,  so  that  the  straight  edge  C of  the 
blade  may  be  used  as  a guide  for  the  pen  or  pencil.  It  is 
evident  that  all  lines  drawn  in  this  manner  will  be  parallel. 
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Vertical  lines  are  drawn  bv  means  of  triangles.  The  tri- 
angles most  generally  used  are  shown  in  Figs.  3 and  4,  each 
of  which  has  one  right  angle.  The  triangle  shown  in  Fig.  3 


has  two  angles  of  45°  each,  and  that  in  Fig.  4 one  of  60°  and 
one  of  30°.  They  are  called  4.5°  and  60°  triangles , respect- 
ively. To  draw  a vertical  line,  place  the  T square  in  posi- 
tion to  draw  a horizontal 
line,  and  lay  the  triangle 
against  it,  so  as  to  form  a 
right  angle.  Hold  both 
T square  and  triangle 
lightly  with  the  left  hand, 
so  as  to  keep  them  from 
slipping,  and  draw  the  line 
with  the  pen  or  pencil  held 
in  the  right  hand,  and 
against  the  edge  of  the  triangle.  Fig.  5 shows  the  tri- 
angles and  T square  in  position. 


Fig.  5. 


4.  For  drawing  parallel  lines  that  are  neither  vertical  nor 
horizontal,  the  simplest  and  best  way,  when  the  lines  are 
near  together, ' is  to  place  one  edge  of  a triangle,  as  a b , 
Fig.  6,  on  the  given  line  c d,  and  lay  the  other  triangle,  as  B, 
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against  one  of  the  two  edges,  holding  it  fast  with  the  left 
hand;  then  move  the  triangle  A along  the  edge  of  B.  The 
edge  a b will  be  parallel  to  the  line  c d ; and  when  the  edge 
a b reaches  the  pointy,  through  which  it  is  desired  to  draw 
the  parallel  line,  hold  both  triangles  stationary  with  the  left 


Fig.  6. 


hand,  and  draw  the  line  e f by  passing  the  pencil  along  the 
edge  a b.  Should  the  triangle  A extend  too  far  beyond  the 
edge  of  the  triangle  B after  a number  of  lines  have  been 
drawn,  hold  A stationary  with  the  left  hand  and  shift  B 
along  the  edge  of  A with  the  right  hand,  and  then  proceed 
as  before. 

5.  A line  may  be  drawn  at  right  angles  to  another  line 
which  is  neither  vertical  nor  horizontal,  as  illustrated  in  Fig.  7. 
Let  c d be  the  given  line  (shown  at  the  left-hand  side). 
Place  one  of  the  shorter  edges,  as  a b,  of  the  triangle  B so 
that  it  will  coincide  with  the  line  cd\  then,  keeping  the 
triangle  in  this  position,  place  the  triangle  A so  that  its  long 
edge  will  come  against  the  long  edge  of  B.  Now,  holding 
A securely  in  place  with  the  left  hand,  slide  B along  the 
edge  of  A with  the  right  hand,  when  the  lines  ]i  i,  m n,  etc. 
may  be  drawn  perpendicular  to  c d along  the  edge  b f of  the 
triangle  B.  The  dotted  lines  show  the  position  of  the  tri- 
angle B when  moved  along  the  edge  of  A. 
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6.  The  right-hand  portion  of  Fig.  7 shows  another 
method  of  accomplishing  the  same  result,  and  illustrates 
how  the  triangles  may  be  used  for  drawing  a rectangular 
figure,  when  the  sides  of  the  figure  make  an  angle  with 
the  T square  such  that  the  latter  cannot  be  used. 

Let  the  side  c d oi  the  figure  be  given.  Place  the  long 
side  of  the  triangle  B so  as  to  coincide  with  the  line  cd, 
and  bring  the  triangle  A into  position  against  the  lower 
side  of  B , as  shown.  Now,  holding  the  triangle  A in 
place  with  the  left  hand,  revolve  B so  that  its  other 


short  edge  will  rest  against  the  long  edge  of  A,  as  shown 
in  the  dotted  position  at  B\  The  parallel  lines  c e and 
d f may  now  be  drawn  through  the  points  c and  d by 
sliding  the  triangle  B on  the  triangle  A,  as  described  in 
connection  with  Fig.  G.  Measure  off  the  required  width 
of  the  figure  on  the  line  c e,  reverse  the  triangle  B again 
to  its  original  position,  still  holding  the  triangle  A in  a 
fixed  position  with  the  left  hand,  and  slide  B upon  A 
until  the  long  edge  of  B passes  through  e.  Draw  the 
line  ef  through  the  point  e,  and  ef  will  be  parallel  to  c d. 
The  student  should  practice  with  his  triangles  before 
beginning  drawing. 
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7.  The  compasses,  next  to  the  T square  and  triangles, 
are  used  more  than  any  other  instrument.  A pencil  and 
pen  point  are  provided,  as  shown  in  Fig.  8,  either  of  which 
may  be  inserted  into  a socket  in  one  leg  of  the  instrument, 
for  the  drawing  of  circles  in  pencil  or  ink.  The  other  leg  is 
fitted  with  a needle  point,  which  acts  as  the  center  about 

In  all  good  instruments,  the 
needle  point  itself  is  a separate 
piece  of  round  steel  wire,  held 
in  place  in  a socket  provided 
at  the  end  of  the  leg.  The  wire 
should  have  a square  shoulder 
at  its  lower  end,  below  which  a 
fine,  needle-like  point  projects. 
The  lengthening  bar , also 
shown  in  the  figure,  is  used  to 
extend  the  leg  carrying  the 
pen  and  the  pencil  points  when 
circles  of  large  radii  are  to  be 
drawn. 

The  joint  at  the  top  of  the 
compasses  should  hold  the  legs 
firmly  in  any  position,  and  at 
the  same  time  should  permit 
their  being  opened  or  closed 
with  one  hand.  The  joint  may 
be  tightened  or  loosened  by 
means  of  a screwdriver  or 
wrench,  which  accompanies  the 
compasses. 

It  will  be  noticed  in  Fig.  8 that  each  leg  of  the  compasses 
is  jointed;  this  is  done  so  that  the  compass  points  may 
always  be  kept  perpendicular  to  the  paper  when  drawing 
circles,  as  in  Fig.  11. 

The  style  of  compasses  shown  in  Fig.  8 have  what  is 
called  a tongue  joint , in  which  the  head  of  one  leg  has  a 
tongue,  generally  of  steel,  which  moves  between  two  lugs 
on  the  other  leg.  Another  common  style  of  joint  is  the 


which  the  circle  is  drawn. 
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pivot  joint  in  which  the  head  of  each  leg  is  shaped  like  a 
disk  and  the  two  disks  are  held  together  in  a fork-shaped 
brace  either  by  means  of  two  pivot  screws  or  by  one  screw 
penetrating  both  disks.  The  brace  that  forms  a part  of  this 


joint  is  generally  provided  with  a handle,  as  the  shape  of 
the  joint  makes  it  rather  awkward  to  hold  the  compasses  by 
the  head  as  is  usual  with  instruments  provided  with  tongue 
joints.  In  Fig.  9 is  shown  a common  style  of  pivot  joint. 

8.  The  following  suggestions  for  handling  the  compasses 
should  be  carefully  observed  by  those  who  are  beginning  the 
subject  of  mechanical  drawing.  Any  draftsman  who  handles 
his  instruments  awkwardly  will  create  a bad  impression,  no 
matter  how  good  a workman  he  may  be.  The  tendency  of 


Fig.  10. 

all  beginners  is  to  use  both  hands  for  operating  the  com- 
passes. This  is  to  be  avoided.  The  student  should  learn 
at  the  start  to  open  and  close  them  with  one  hand,  holding 
them  as  shown  in  Fig.  10,  with  the  needle-point  leg  resting 
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between  the  thumb  and  fourth  finger,  and  the  other  leg 
between  the  middle  and  forefinger.  When  drawing  cir- 
cles, hold  the  compasses  lightly  at  the  top  between  the 
thumb  and  forefinger,  or  thumb,  forefinger,  and  middle 
finger,  as  in  Fig.  11.  Another  case  where  both  hands 
should  not  be  used  is  in  locating  the  needle  point  at  a point 
on  the  drawing  about  which  the  circle  is  to  be  drawn,  unless 
the  left  hand  is  used  merely  to  steady  the  needle  point. 


Hold  the  compasses  as  shown  in  Fig.  10,  and  incline  them 
until  the  under  side  of  the  hand  rests  upon  the  paper.  This 
will  steady  the  hand  so  that  the  needle  point  can  be  brought 
to  exactly  the  right  place  on  the  drawing.  Having  placed 
the  needle  at  the  desired  point,  and  with  it  still  resting 
on  the  paper,  the  pen  or  pencil  point  may  be  moved  out 
or  in  to  any  desired  radius,  as  indicated  in  Fig.  10. 
When  the  lengthening  bar  is  used,  both  hands  must  be 
employed. 
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9.  The  compasses  must  be  handled  in  such  a manner  that 
the  needle  point  will  not  dig  large  holes  in  the  paper.  Keep 
the  needle  point  adjusted  so  that  it  will  be  perpendicular  to 
the  paper,  when  drawing  circles,  and  do  not  bear  upon  it.  A 
slight  pressure  will  be  necessary  on  the  pen  or  pencil  point, 
but  not  on  the  needle  point. 

10.  The  dividers,  shown  in  Figs.  9 and  12,  are  used  for 
laying  off  distances  upon  a drawing,  or  for  dividing  straight 
lines  or  circles  into  parts.  The  points  of  the  dividers  should 
be  very  sharp,  so  that  they  will  not  punch  holes  in  the  paper 
larger  than  is  absolutely  necessary  to  be  seen.  Compasses 
are  sometimes  furnished  with  two  steel  divider  points, 
besides  the  pen  and  pencil  points,  so  that  the  instrument 
may  be  used  either  as  compasses  or  dividers.  This  is  the 
kind  illustrated  in  Fig.  12.  When  using  the  dividers  to 


space  a line  or  circle  into  a number  of  equal  parts,  hold  them 
at  the  top  between  the  thumb  and  forefinger,  as  when  using 
the  compasses,  and  step  off  the  spaces,  turning  the  instru- 
ment alternately  to  the  right  and  left.  If  the  line  or  circle 
does  not  space  exactly,  vary  the  distance  between  the  divider 
points  and  try  again;  so  continue  until  it  is  spaced  equally. 
When  spacing  in  this  manner,  great  care  must  be  exercised 
not  to  press  the  divider  points  into  the  paper;  for,  if  the 
points  enter  the  paper,  the  spacing  can  never  be  accurately 
done.  The  student  should  satisfy  himself  of  the  truth  of 
this  statement  by  actual  trial. 

11.  The  bow-pencil  and  bow-pen,  shown  in  Fig.  13, 
are  convenient  for  describing  small  circles.  The  two  points 
of  the  instruments  must  be  adjusted  to  the  same  lengih; 
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otherwise,  very  small  circles  cannot  be  drawn.  To  open  or 
close  either  of  these  instruments,  support  it  in  a vertical  posi- 
tion by  resting  the  needle, 
point  on  the  paper  and  bear- 
ing slightly  on  the  top  of 
it  with  the  forefinger  of  one 
hand,  and  turn  the  adjust- 
ing nut  with  the  thumb  and 
middle  finger  of  the  same 
hand. 

12.  Drawing  Paper 
and  Pencils. — The  draw- 
ing paper  recommended  for 
this  series  of  lessons  is 
the  T.  S.  Co.’s  cold-pressed 
demy,  the  size  of  which 
is  15"  X 20".  It  takes  ink 
well,  and  withstands  considerable  erasing.  The  paper  is 
secured  to  the  drawing  board  by  means  of  thumbtacks. 
Four  are  usually  sufficient — one  at  each 
corner  of  the  sheet  (see  Fig.  7).  Place 
a piece  of  paper  on  the  drawing  board, 
and  press  a thumbtack  through  one  of 
the  corners  about  \ or  § of  an  inch  from 
each  edge.  Place  the  T square  in  posi- 
tion for  drawing  a horizontal  line,  as 
before  explained,  and  straighten  the 
paper  so  that  its  upper  edge  will  be  par- 
allel to  the  edge  of  the  T square  blade.  iH 
Pull  the  corner  diagonally  opposite  that  Fir- 
in  which  the  thumbtack  was  placed,  so  \ 
as  to  stretch  the  paper  slightly,  and  push  \ 
in  another  thumbtack.  Do  the  same  ■ 
with  the  remaining  two  corners.  For  I 
drawing  in  pencil,  an  HHHH  pencil  of  A 
any  reputable  make  should  be  used. 

The  pencil  should  be  sharpened  as  shown  at  A,  Fig.  14. 
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Cut  the  wood  away  so  as  to  leave  about  £ or  f of  an  inch  of 
the  lead  projecting;  then  sharpen  it  flat  by  rubbing  it  against 
a fine  file  or  a piece  of  fine  emery  cloth  or  sandpaper  that 
has  been  fastened  to  a flat  stick.  Grind  it  to  a sharp  edge 
like  a knife  blade,  and  round  the  corners  very  slightly,  as 
shown  in  the  figure.  If  sharpened  to  a round  point,  as 
shown  at  B,  the  point  will  wear  away  very  quickly  and 
make  broad  lines;  when  so  sharpened  it  is  difficult  to  draw 
a line  exactly  through  a point.  The  lead  for  the  compasses 
should  be  sharpened  in  the  same  manner  as  the  pencil,  but 
should  have  its  width  narrower.  Be  sure  that  the  compass 
lead  is  so  secured  that , when  circles  are  struck  in  either 
direction , but  one  line  will  be  drawn  with  the  same  radius 
and  center. 

13.  Inking. — For  drawing  ink  lines  other  than  arcs  of 
circles,  the  ruling  pen  (or  right-line  pen , as  it  is  some- 
times called)  is  used.  It  should  be  held  as  nearly  perpen- 


fig.  15. 


dicular  to  the  board  as  possible,  with  the  hand  in  the  position 
shown  in  Figs.  15  and  1G,  bearing  lightly  against  the  T square 
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or  triangle,  along  the  edge  of  which  the  line  is  drawn.  After 
a little  practice,  this  position  will  become  natural,  and  no 
difficulty  will  be  experienced. 

14.  The  beginner  will  find  that  it  is  not  always  easy  to 
make  smooth  lines.  If  the  pen  is  held  so  that  only  one  blade 
bears  on  the  paper  when  drawing,  the  line  will  almost  invari- 
ably be  ragged  on  the  edge  where  the  blade  does  not  bear. 
When  held  at  right  angles  to  the  paper,  as  in  Fig.  16,  how- 


FlG.  16- 

ever,  both  blades  will  rest  on  the  paper,  and  if  the  pen  is  in 
good  condition,  smooth  lines  will  result.  The  pen  must  not 
be  pressed  against  the  edge  of  the  T square  or  triangle,  as 
the  blades  will  then  close  together,  making  the  line  uneven. 
The  edge  should  serve  as  a guide,  simply. 

In  drawing  circles  with  the  compass  pen,  the  same  care 
should  be  taken  to  keep  the  blades  perpendicular  to  the 
paper  by  means  of  the  adjustment  at  the  joint.  In  both  the 
riding  pen  and  compass  pen,  the  width  of  the  lines  can  be 
altered  by  means  of  the  screw  which  holds  the  blades 
together.  The  handles  of  most  ruling  pens  can  be  unscrewed 
and  are  provided  with  a needle  point  intended  for  use 
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when  copying  maps  by  pricking  through  the  original  and  the 
underlying  paper,  thus  locating  a series  of  points  through 
which  the  outline  may  be  drawn. 

15.  Drawing  Ink. — The  ink  we  recommend  for  the 
work  in  this  course  is  the  T.  S.  Co.’s  superior  waterproof 
liquid  India  ink.  A quill  is  attached  to  the  cork  of  every 
bottle  of  this  ink,  by  means  of  which  the  pen  may  be  filled. 
Dip  the  quill  into  the  ink,  and  then  pass  the  end  of  it  between 
the  blades  of  the  drawing  pen.  Do  not  put  too  much  ink  in 
the  pen,  not  more  than  enough  to  fill  it  for  a quarter  of  an 
inch  along  the  blades,  otherwise  the  ink  is  liable  to  drop. 
Many  draftsmen  prefer  to  use  stick  India  ink;  and,  for  some 
purposes,  this  is  to  be  preferred  to  the  prepared  liquid  ink 
recommended  above.  In  case  the  stick  ink  is  bought,  put 
enough  water  in  a shallow  dish  (a  common  individual  butter 
plate  will  do)  to  make  enough  ink  for  the  drawing,  then 
place  one  end  of  the  stick  in  the  water,  and  grind  by  giving 
the  stick  a circular  motion.  Do  not  bear  hard  upon  the  stick. 
Test  the  ink  occasionally  to  see  if  it  is  black.  Draw  a fine 
line  with  the  pen,  and  hold  the  paper  in  a strong  light.  If 
it  shows  brown  (or  gray),  grind  a while  longer,  and  test 
again.  Keep  grinding  until  a fine  line  shows  black,  which 
will  usually  take  from  fifteen  minutes  to  half  an  hour,  depend- 
ing upon  the  quantity  of  water  used.  The  ink  should  always 
be  kept  well  covered  with  a flat  plate  of  some  kind,  to  keep 
out  the  dust  and  prevent  evaporation.  The  drawing  pen 
may  be  filled  by  dipping  an  ordinary  writing  pen  into  the 
ink  and  drawing  it  through  the  blades,  as  previously 
described  when  using  the  quill.  If  liquid  ink  is  used,  all 
the  lines  on  all  the  drawings  will  be  of  the  same  color,  and 
no  time  will  be  lost  in  grinding.  If  stick  ink  is  used,  it  is 
poor  economy  to  buy  a cheap  stick.  A small  stick  of  the 
best  quality,  costing,  say,  a dollar,  will  last  as  long,  perhaps, 
as  five  dollars’  worth  of  liquid  ink.  The  only  reason  for 
using  liquid  ink  is  that  all  lines  are  then  sure  to  be  of  equal 
blackness,  and  time  is  saved  in  grinding. 

India  ink  will  dry  quickly  on  the  drawing,  which  is 
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desirable,  but  it  also  causes  trouble  by  drying  between  the 
blades  and  refusing  to  flow,  especially  when  drawing  fine 
lines.  The  only  remedy  is  to  wipe  out  the  pen  frequently 
with  a cloth.  Do  not  lay  the  pen  down  for  any  great  length 
of  time  when  it  contains  ink;  wipe  it  out  first.  The  ink  may 
sometimes  be  started  by  moistening  the  end  of  the  finger 
and  touching  it  to  the  point,  or  by  drawing  a slip  of 
paper  between  the  ends  of  the  blade.  Always  keep  the 
bottle  corked. 

16.  To  Sharpen  the  Drawing  Pen. — When  the  ruling, 
or  compass,  pen  becomes  badly  worn,  it  must  be  sharpened. 
For  this  purpose  a fine  oilstone  should  be  used.  If  an  oil- 
stone is  to  be  purchased,  a small,  flat,  close-grained  stone 
should  be  obtained,  those  having  a triangular  section  being 
preferable,  as  the  narrow  edge  can  be  used  on  the  inside  of 
the  blades  in  case  the  latter  are  not  made  to  swing  apart  so 
as  to  permit  the  use  of  a thicker  edge. 

The  first  step  in  sharpening  is  to  screw  the  blades  together, 
and,  holding  the  pen  perpendicular  to  the  oilstone,  to  draw 
it  back  and  forth  over  the  stone,  changing  the  slope  of  the 
pen  from  downward  and  to  the  right  to  downward  and  to  the 
left  for  each  movement  of  the  pen  to  the  right  and  left.  The 
object  of  this  is  to  bring  the  blades  to  exactly  the  same  length 
and  shape,  and  to  round  them  nicely  at  the  point. 

This  process,  of  course,  makes  the  edges  even  duller  than 
before.  To  sharpen,  separate  the  points  by  means  of  the 
screw,  and  rub  one  of  the  blades  to  and  from  the  operator  in 
a straight  line,  giving  the  pen  a slight  twisting  motion  at  the 
same  time,  and  holding  it  at  an  angle  of  about  15°  with 
the  face  of  the  stone.  Repeat  the  process  for  the  other 
blade.  To  be  in  good  condition  the  edges  should  be  fairly 
sharp  and  smooth,  but  not  sharp  enough  to  cut  the  paper. 
All  the  sharpening  must  be  done  on  the  outside  of  the  blades. 
The  inside  of  the  blades  should  be  rubbed  on  the  stone 
only  enough  to  remove  any  burr  that  may  have  been 
formed.  Anything  more  than  this  will  be  likely  to  injure 
the  pen.  The  whole  operation  must  be  done  very  careftilly, 
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bearing  on  lightly,  as  it  is  easy  to  spoil  a pen  in  the  process. 
Examine  the  points  frequently,  and  keep  at  work  until  the 
pen  will  draw  both  fine  lines  and  smooth  heavy  lines.  Many 
draftsmen  prefer  to  send  the  pens  to  be  sharpened  to  the 
dealer  who  sold  them  and  who  is  generally  willing  to  do  such 
sharpening  at  a trifling  cost. 

17.  Irregular  Curves. — Curves  other  than  arcs  of  cir- 
cles are  drawn  with  the  pencil  or  ruling  pen  by  means  of  curved 
or  irregular-shaped  rulers,  called  irregular  curves  (see 
Fig.  17).  A series  of  points  is  first  determined  through  which 
the  curved  line  is  to  pass.  The  line  is  then  drawn  through 
these  points  by  using  such  parts  of  the  irregular  curve  as 
will  pass  through  several  of  the  points  at 
once,  the  curve  being  shifted  from  time 
to  time  as  required. 

It  is  usually  difficult  to  draw  a smooth, 
continuous  curve.  The  tendency  is  to 
make  it  curve  out  too  much  between  the 
points,  thus  giving  it  a wavy  appearance, 
or  else  to  cause  it  to  change  its  direction 
abruptly  where  the  different  lines  join, 
making  angles  at  these  points.  These 
defects  may  largely  be  avoided  by  always 
fitting  the  curve  to  at  least  three  points, 
and,  when  moving  it  to  a.  new  position,  by 
setting  it  so  that  it  will  coincide  with  part 
of  the  line  already  drawn.  It  will  be 
found  to  be  a great  help  if  the  line  be 
first  sketched  in  freehand,  in  pencil.  It 
can  then  be  penciled  over  neatly,  or  inked, 
without  much  difficulty,  with  the  aid  of 
the  irregular  curve,  since  the  original  pencil  line  will  show 
the  general  direction  in  which  the  curve  should  be  drawn. 
Whenever  the  given  points  are  far  apart,  or  fall  in  stxch 
positions  that  the  irregular  curve  cannot  always  be  made  to 
pass  through  three  of  them,  the  line  must  invariably  be 
sketched  in  at  first. 
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As  an  example,  let  it  be  required  to  draw  a curved  line 
through  the  points  a,  b , c , d , etc.,  Fig.  18.  As  just  stated, 
a part  of  the  irregular  curve  must  be  used  which  will  pass 
through  at  least  three  points.  With  the  curve  set  in  the  first 
position  A,  its  edge  is  found  to  coincide  with  four  points 
<7,  b,  c,  and  d.  The  line  may  then  be  drawn  from  a around 
to  d,  or,  better,  to  a point  between  c and  d,  since,  by  not  con- 


tinuing it  quite  to  d,  there  is  less  liability  of  there  being  an 
angle  where  the  next  section  joins  on.  For  the  next  section 
of  the  line,  the  curve  should  be  adjusted  so  as  to  coincide 
with  a part  of  the  section  already  drawn ; that  is,  instead  of 
adjusting  it  to  points  d,  e,f  etc.,  it  should  be  placed  so  as  to 
pass  through  the  point  r,  the  part  from  c to  d being  coinci- 
dent with  the  corresponding  part  of  the  first  line  drawn. 
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The  irregular  curve  is  shown  dotted  in  this  position  at  B. 
Its  edge  passes  through  four  points  c,  d,  e,  and  /,  and  the 
line  should  be  made  to  stop  midway  between  the  last  two,  as 
before. 

Now,  it  will  be  noticed  that  the  points  /and  g are  so  situ- 
ated that  the  remainder  of  the  line  must  curve  up,  instead  of 
down,  as  heretofore,  the  change  in  curvature  occurring  at  a 
point  between  e and  f.  In  this  case,  therefore,  it  is  not  nec- 
essary for  the  curve  to  extend  back  to  e,  through  which  point 
the  line  has  already  been  drawn,  but  it  may  be  placed  in 
position  C with  its  edge  just  tangent  to  the  line  at  the  point 
where  the  curvature  changes. 

It  is  to  be  noticed  that  in  inking  with  the  irregular  curve, 
the  blades  of  the  pen  must  be  kept  tangent  to  its  edge  (i.  e., 
the  inside  flat  surface  of  the  blades  must  have  the  same  direc- 
tion as  the  curve  at  the  point  where  the  pen  touches  the 
paper),  which  requires  that  the  direction  of  the  pen  be  con- 
tinually changed. 

18.  The  scale  is  used  for  obtaining  measurements  for 
drawings.  The  most  convenient  forms  are  the  usual  flat  and 
triangular  boxwood  scales,  having  beveled  edges,  each  of 
which  is  graduated  for  a distance  of  12  inches.  The  beveled 
edges  serve  to  bring  the  lines  of  division  close  to  the  paper 
when  the  scale  is  lying  flat,  so  that  the  drawing  may  be 
accurately  measured,  or  distances  laid  oft  correctly.  The 
use  of  the  graduations  on  scales  will  be  explained  when  it  is 
necessary  to  use  the  scale. 

19.  A protractor  is  shown  in  Fig.  19.  The  outer  edge 
is  a semicircle,  with  center  at  O , and  is  divided  into  3C0 
parts.  Each  division  is  one-half  of  one  degree,  and,  for  con- 
venience, the  degrees  are  numbered  from  0°  to  180°  from 
both  A and  B.  The  protractor  is  used  for  laying  oft  or 
measuring  angles.  Protractors  are  often  made  of  metal,  in 
which  case  the  central  part  is  cut  away  to  make  the  drawing 
under  it  visible.  When  using  the  protractor,  it  must  be 
placed  so  that  the  line  OB,  Fig.  19,  will  coincide  with  the 
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line  forming-  one  side  of  the  angle  to  be  laid  off  or  measured, 
and  the  center  O must  be  at  the  vertex  of  the  angle. 


For  example,  let  it  be  required  to  draw  a line  through  the 
point  C,  making  an  angle  of  54°  with  the  line  EE,  Fig.  20. 
Place  the  protractor  upon  the  line  E E,  as  just  described,  with 
the  center  O upon  the  point  C.  With  a sharp-pointed  pencil, 
make  a mark  on  the  paper  at  the  54°  division,  as  indicated 
at  D.  A line  drawn  through  C and  D will  then  make  an 
angle  of  54°  with  E F.  Greater  exactness  will  be  secured 


if  the  line  E F be  extended  to  the  left,  so  that  both  zero 
marks  ( A and  B,  Fig.  19)  can  be  placed  on  the  line.  This 
should  always  be  done  when  possible. 


IS 


GEOMETRICAL  DRAWING. 


19 


LETTERING. 

20.  In  mechanical  drawing,  all  headings,  explanatory 
matter,  and  dimensions  should  be  neatly  printed  on  the 
drawing.  Ordinary  script  writing  is  not  permissible. 

It  is  usually  difficult  for  beginners  to  letter  well,  and  unless 
the  student  is  skilful  at  it,  he  should  devote  some  time  to 
practicing  lettering  before  commencing  the  drawing.  In 
correcting  the  plates,  the  lettering  will  be  considered  as  well 
as  the  drawing.  Many  students  think  that  it  is  only  neces- 
sary to  exercise  special  care  when  drawing  the  views  on  a 
plate,  and  that  it  is  not  necessary  to  take  particular  pains  in 
lettering.  This,  however,  is  not  the  case,  for,  no  matter 
how  well  the  views  may  be  drawn,  if  the  lettering  is  poorly 
done,  the  finished  drawing  will  not  have  a neat  appearance. 
In  fact,  generally  speaking,  more  time  is  required  to  make 
well-executed  letters  than  to  make  well-executed  drawings 
of  objects.  We  earnestly  request  the  student  to  practice 
lettering,  and  not  to  think  that  that  part  of  the  work  is  of  no 
importance.  The  student  should  not  be  too  hasty  in  doing 
the  lettering.  It  takes  an  experienced  draftsman  consider- 
able time  to  do  good  lettering,  and  no  draftsman  can  per- 
form this  work  as  quickly  as  he  can  ordinary  writing; 
therefore,  no  beginner  should  attempt  to  do  what  experi- 
enced draftsmen  cannot  do.  In  order  to  letter  well,  the  work 
must  be  done  slowly.  Very  frequently  more  time  is  spent 
in  lettering  a drawing  than  in  inking  in  the  objects  repre- 
sented. Instructions  will  be  given  in  two  styles  of  freehand 
lettering,  both  extensively  used  in  American  drafting  rooms. 

With  the  exception  of  the  large  headings  or  titles  of  the 
plates,  the  style  and  size  of  all  lettering  used  on  the  original 

ABCDEFGJ-CIJJCLJYTNOPQRSTirVWXYZ 
abccLefyhijJtl  mnopq  r s tu  viosc y z & 

/ £34-56 7 890  / £34567890  2-64  cZicz.Cccst  Iron 

Fig.  21. 

drawing  plates  of  this  course  are  shown  in  Fig.  21.  This 
style,  although  a little  more  elaborate  and  difficult  in  exe- 
cution, was  selected  on  account  of  its  greater  neatness  and 
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legibleness.  The  two  styles  are  very  similar  in  the  forma- 
tion of  the  letters,  and  although  the  student  is  advised  to 
select  and  use  only  one  of  the  two  on  his  drawings  in  this 
course,  he  will  find,  after  having  mastered  one  of  the  styles, 
little  difficulty  in  practicing  the  other. 

When  lettering,  a Gillott’s  No.  303  pen  should  be  used. 
The  height  of  the  capital  letters  should  be  and  of  the 
small  letters  two-thirds  of  this,  or  T1g//.  This  applies  to 
both  styles  of  freehand  lettering.  Do  not  make  them 
larger  than  this. 


21.  Before  beginning  to  letter,  horizontal  guide  lines 
should  be  drawn  with  the  T square,  to  serve  as  a guide  for 
the  tops  and  bottoms  of  the  letters  (see  Fig.  22).  The  out- 
side lines  should  be  " apart  for  the  capitals,  and  the  two 
lower  lines  T1g//  apart  for  the  small  letters.  The  letters 
should  be  made  to  extend  fully  up  to  the  top  and  down  to 

the  bottom  guide  lines.  They 

jmxEcmical  MOmaaOr  must  not  fa„  short  of  th  ide 

Fig.  22.  . ° 

lines,  nor  extend  beyond  them. 

Failure  to  observe  this  point  will  cause  the  lettering  to  look 

ragged,  as  in  the  second  word  in  Fig.  22. 


/ / / / 


22.  It  is  very  important  that  all  the  letters  have  the 
same  inclination.  For  example, 
by  referring  to  Fig.  23  (a),  it 
will  be  seen  that  the  backs  of  FlG‘  23  (a)' 

letters  like  B , E , l,  g,  d,  i,  t,  etc.  are  parallel  and  slant 

the  same  way.  This 
is  also  true  of  both 
sides  of  letters  like 
II,  M,  n,  u,  h,  y,  etc. 
To  aid  in  keeping  the 
slant  uniform,  draw 
parallel  slanting  lines 
across  the  guide  lines 
with  the  G0°  triangle, 
as  in  Fig.  23  (/;),  and,  in  lettering,  make  the  backs  or  sides 
of  the  letters  parallel  with  these  lines. 


7*  y ■/  ~r  /-jr  V* 


Fig.  23  (b). 
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23.  A few  points  regarding  the  construction  of  the  letters 
are  illustrated  in  Fig.  24,  in  which  the  letters  are  shown  upon 
an  enlarged  scale.  The  capital  letters  A,  V,  Y,  M,  and  W 
must  be  printed  so  that 


the  common  slant;  from 

a draw  the  sides  a c and  a b,  so  that  points  c and  b will  each 
be  distant  from  point  d.  The  side  a b will  be  nearly 
perpendicular  to  the  guide  lines.  The  Fis  like  an  inverted 
A,  and  is  drawn  in  the  same  way,  the  line  b d being  nearly 
perpendicular. 

To  make  the  V,  draw  the  center  line  ad,  having  the  com- 
mon slant,  which  gives  the  slant  for  the  base  of  the  letter. 
The  upper  part  of  the  Y begins  a little  below  its  center,  and 
is  similar  to  the  V,  though  somewhat  narrower,  as  the  letter 
should  be  only  wide  at  the  top.  Points  b and  c should 
be  at  equal  distances  from  point  a. 

The  two  sides  be  and  ef  of  the  M are  parallel,  and  have 
the  common  slant.  The  M is  made  as  broad  as  it  is  high, 
or  Having  drawn  the  two  sides,  mark  the  point  d, 

midway  between  the  points  c and  f,  and  connect  it  with 
points  b and  e.  The  lines  bd  and  ed  should  be  slightly 
curved,  as  shown. 

In  the  JV  the  two  outside  lines  are  not  parallel,  as  in  the  Jlf, 
but  are  farther  apart  at  the  top  than  at  the  bottom.  Draw  the 
line  a d,  having  the  common  slant.  Mark  points  b and  c,  which 
are  exactly  from  the  point  a.  From  b and  c draw  lines  b d 
and  c d.  The  other  half  of  the  W is  like  the  first  part,  c f 
being  parallel  to  bd  and  ef  parallel  to  c d.  It  will  be  seen 
that  the  W is  composed  of  two  narrow  V’s,  each  wide, 
the  width  of  the  whole  letter  being  A". 

24.  Capital  letters  like  P,  R,  B , L,  E,  etc.  should  be 
printed  so  that  their  top  and  bottom  lines  will  be  exactly 


their  general  inclination 
will  be  the  same  as  for 
the  other  letters.  To 
print  the  A,  draw  the 
center  line  a d,  having 
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horizontal.  This  is  illustrated  in  the  two  examples  of  the 
word  problem  in  Fig.  24.  In  the  first  example,  it  will  be 
noticed  that  the  tops  of  the  A*  and  A,  the  bottom  of  the  A,  and 
the  tops  and  bottoms  of  the  B and  £,  all  run  in  the  same 
direction  as  the  guide  lines,  and  coincide  with  them.  In 
the  second  example,  these  lines  are  not  horizontal,  which 
makes  the  word  look  very  uneven.  It  is  also  to  be 
noticed  that  these  lines  extend  beyond  the  upright  lines  in 
the  first  word,  and  that  cross-lines  are  used  on  the  bottom 
of  the  P and  R,  on  the  top  of  the  A,  and  on  the  M.  In 
the  second  word,  these  lines  are  omitted  at  the  points  indi- 
cated by  the  arrows.  These  features  are  found  on  most  of 
the  other  capitals. 

The  small  letters  n,  u,  h , /,  i,  etc.  should  have  sharp  cor- 
ners at  the  points  indicated  by  the  arrows  in  Fig.  24.  They 
look  much  better  that  way,  and  are  less  difficult  to  make, 
than  when  they  have  round  corners.  Following  these  letters 
are  five  groups  of  letters  containing  u,  u,  l,g,  and  r.  The 
first  letter  of  each  group  is  printed  correctly,  while  the  letters 
following  show  ways  in  which  they  should  not  be  printed. 
In  the  case  of  the  g,  point  2 should  fall  in  a slanting  direc- 
tion under  point  1,  the  slant  being  the  same  as  a d of  the 
preceding  letters.  The  difference  between  d and  b and  the 
construction  of  the  s are  also  shown  in  the  same  figure. 
The  b should  be  made  rounding  at  the  point  indicated. 
As  a guide  in  making  the  s,  draw  the  two  lines  a b and  c d, 
having  the  common  slant.  The  s should  now  be  drawn  so 
that  it  will  touch  these  lines  at  points  1,  3,  and  £ but  not  at 
point  2.  It  will  be  an  additional  help  if  the  line  ex  is  also 
drawn  as  a guide  for  the  middle  portion  of  the  s;  but  care 
should  be  taken  not  to  have  it  slant  more  than  shown  in  the 
copy. 

The  letters  a,  o,  b,g,  etc.  should  be  full  and  round;  do  not 
cramp  them.  It  will  be  necessary  to  follow  the  copy  closely 
until  familiar  with  it.  Notice  that  the  figures  are  not  made 
as  in  writing,  particularly  the  6,  A 8,  and  9 (see  Fig.  21).  Try 
to  space  the  letters  evenly.  Letter  in  pencil  first,  and,  if 
not  right,  erase  and  try  again. 
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25.  Another  style  of  freehand  lettering-  is  shown  in 
Fig.  25.  This  style  is  extensively  used  for  the  lettering 
of  working  drawings.  It  is  more  easily  and  rapidly 

A BCD£ F G H/JK L M//OPQRS  TL/l/WX  YZ 


c d e fghiJA/m  nop  ynstu  k wx yz 


/ 2 3 4 5 6 7 8 9 /O  /234567890  2-64  d/'a  Cast  /non. 

Fig.  25. 


made  than  the  style  previously  described,  and  although  not 
productive  of  as  high  degree  of  neatness  in  appearance  will 
be  found  very  useful  and  acceptable  for  general  office  work. 

A comparison  between  the  two  systems  will  disclose  a 
great  similarity  in  the  detail  formation  of  the  letters. 


2G.  The  horizontal  and  slanting  guide  lines  are  drawn 
exactly  in  the  same  man- 
ner as  for  the  style  pre-  Y/on/zonta/  Hor/ zonta/ 

viously  described,  and  if 

not  followed  the  results  will  be  similar.  See  the  uneven 
appearance  of  the  second  word  in  Fig.  26. 


a t>  qo 
c e 


27.  By  studying  the  formation  of  the  letters  carefully, 
it  will  be  found  that  many  cf  them  are  formed  on  the  same 
principle,  as  shown  in  Fig.  27.  The  ovals  of  the  letters 

a , b,  d , g,  p,  and  q are  formed  exactly 
alike  and  have  a slant  of  45°  with 
the  horizontal.  These  ovals  should 
be  made  a little  wider  at  the  top 
than  at  the  bottom.  Care  should  be 
taken  that  the  straight  downward 
strokes  are  made  parallel  to  the 
slanting  guide  lines.  The  letters  c 
and  e are  commenced  in  the  same 
way,  but  the  upper  loop  in  e should 
be  formed  in  such  a manner  that  its  axis  will  be  at  an  angle 


r n m h 


n 


w 

r// 


V 


ry 


Fig.  27. 
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of  45°  with  the  horizontal.  The  r is  made  by  having  the 
down  stroke  parallel  to  the  slanting  guide  line  and  the 
up  stroke  slightly  curved  in  the  same  way  as  in  the  letter  n 
(see  Fig.  27).  The  strokes  in  the  letters  j and  f are  the 
same,  with  the  position  of  the  hooked  part  reversed. 

28.  The  capital  letters  shown  in  Fig.  28  are  formed 
very  nearly  in  the  same  manner  as  those  shown  in  Art.  23, 


but  differ  slightly  by  omitting  the  short  spurs  that  give  to 
the  letters  a more  finished  appearance. 

In  the  capital  M,  however,  there  is  a decided  variation. 
The  M is  made  with  four  strokes,  putting  in  the  parallel 
sides  first.  The  two  other  strokes  should  join  midway 
between  these  sides  and  at  a distance  from  the  top  of  about 
| of  the  height  of  the  letter.  These  strokes,  as  will  be  seen, 
are  straight  and  not  curved. 

29.  The  numerals  should  be  high  and  of  the  style 
shown  in  Fig.  25;  fractions  should  be  high  over  all.  In 


Fig.  29  the  numerals  are  illustrated  to  a larger  scale,  and  a 
comparison  with  the  style  shown  in  Fig.  21  wall  disclose 
several  variations. 

The  loops  of  the  2,  3,  5,  6,  and  0 should  be  formed  so  that 
their  axes  will  be  at  an  angle  of  45°  with  the  horizontal.  It 
will  be  noted  that  the  7 differs  widely  from  the  style  shown  in 
Fig.  21,  the  down  stroke  not  curving  but  having  a straight 
slant  of  45°.  The  axis  of  the  0 and  the  loops  of  the  8 should 
slant  at  an  angle  of  60°. 


Fig.  28. 


/ 23 45678 90 


Fig.  29. 
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Diligent  practice  for  a short  time  and  careful  observation 
of. the  forms  of  letters  and  numerals  as  shown  in  Figs.  21-29 
will  soon  enable  the  student  to  acquire  skill  and  speed  in  this 
branch  of  drawing. 

30.  The  alphabet  shown  in  Fig.  30,  called  the  block 
letter,  is  to  be  used  for  the  large  headings  or  titles  of  plates, 
as  shown  on  the  copy  plates.  This  alphabet  is  not  to  be  used 
on  the  first  five  geometrical  drawing  plates.  The  letters  and 
figures  are  to  be  made  high  and  wide,  except  M,  which 
is  wide,  and  IF,  which  is  § " wide.  The  thickness  of  all 

ABCDEFGHIJ 

KLMNOPQRS 

tuvwxyzs;: 

IE34567B30 

Fig.  30. 

the  lines  forming  the  letters  is  yV',  measured  horizontally. 
The  distance  between  any  two  letters  of  a word  is  , 
except  where  A follows  P or  F\  where  V,  W,  or  Y follows 
L ; where  J follows  F,  P,  T,  V,  IV,  or  Y;  where  T and  A 
are  adjacent,  or  A and  V,  IV,  or  Y are  adjacent;  in  this  case, 
the  bottom  extremity  of  A and  the  top  extremity  of  P,  T, 
V,  W are  in  the  same  vertical  line,  etc. 

31.  Since  these  letters  are  composed  of  straight  lines, 
they  can  be  made  with  the  T square  and  triangle.  In  lettering 
the  title  of  the  drawing  plates,  the  student  should  draw  six 
horizontal  lines  yb-"  apart  in  lead  pencil,  to  represent  the  thick- 
ness of  the  letters  at  the  top,  center,  and  bottom;  then,  by 
use  of  the  triangle,  he  should  draw  in  the  width  of  the  letters 
and  the  spaces  between  them  in  lead  pencil.  Having  the 
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letters  all  laid  out,  he  can  very  easily  ink  them  in.  Use  the 
ruling  pen  for  inking  in  the  straight  outlines  of  the  letters, 
and  the  lettering  pen  for  rounding  the  corners  and  filling  in 
between  the  outlines.  It  is  well  to  ink  in  all  the  perpen- 
dicular lines  first,  next  the  horizontal  lines,  and  then  the 
oblique  lines. 


PLATES. 

32.  Preliminary  Directions. — The  size  of  each  plate 
over  all  will  be  14"  X 18",  having  a border  line  from  each 
edge  all  around,  thus  making  the  size  of  the  space  on  which 
the  drawing  is  to  be  made  13"  X 17".  The  sheet  itself  must 
be  larger  than  this  when  first  placed  upon  the  board,  so  that 
the  thumbtack  holes  may  be  cut  out;  the  extra  margin  is 
also  very  convenient  for  testing  the  pen,  in  order  to  see 
whether  the  ink  is  flowing  well  and  whether  the  lines  are  of 
the  proper  thickness. 

The  first  five  plates  will  consist  of  practical  geometrical 
problems  which  constantly  arise  in  practice  when  making 
drawings.  The  method  of  solving  every  one  of  these 
problems  should  be  carefully  memorized,  so  that  they 
can  be  instantly  applied  when  the  occasion  requires, 
without  being  obliged  to  refer  to  the  text  for  help. 
Particular  attention  should  be  paid  to  the  lettering. 
"Whenever  any  dimensions  are  specified,  they  should  be 
laid  off  as  accurately  as  possible.  All  drawings  should 
be  made  as  neat  as  possible,  and  the  penciling  entirely 
finished  before  inking  in  any  part  of  it.  Great  care 
should  be  taken  in  distributing  the  different  views,  parts, 
details,  etc.  on  the  drawing,  so  that  when  the  drawing 
is  completed,  one  view  will  not  be  so  near  to  another 
as  to  mar  the  appearance  of  the  drawing.  The  hands 
should  be  perfectly  clean,  and  should  not  touch  the  paper 
except  when  necessary.  No  lines  should  be  erased  except 
when  absolutely  necessary;  for,  whenever  a line  has  once 
been  erased,  the  dirt  flying  around  in  the  air  and  con- 
stantly falling  on  the  drawing  will  stick  to  any  spot  where  an 
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erasure  has  been  made,  and  it  is  then  very  difficult,  if  not 
impossible,  to  entirely  remove  it.  For  this  reason,  all  con- 
struction lines  that  are  to  be  removed,  or  that  are  liable  to  be 
changed,  should  be  drawn  lightly,  that  the  finish  of  the  paper 
may  not  be  destroyed  when  erasing  them.  When  it  is  found 
necessary  to  erase  an  ink  blot  or  a line  that  has  been  inked  in, 
only  an  ink  eraser  or  sand  rubber  should  be  used.  After  the 
erasure  has  been  made,  the  roughened  part  of  the  surface 
of  the  paper  can  be  smoothed  by  rubbing  with  some 
hard,  smooth  substance,  as  a piece  of  ivory  or  the  handle 
of  a knife. 


PLATE  I. 

33.  Take  a sheet  of  drawing  paper  15"  wide  and  20" 
long  (demy  size),  and  fasten  it  to  the  board  as  previously 
described.  On  this  draw  the  outlines  of  the  size  of  the 
plate,  14"  X 18",  and  draw  the  border  line  all  around  |"  from 
the  edge  of  the  outline,  leaving  the  space  inside  for  the  draw- 
ing 13"  X 17".  When  the  word  drazving  is  used  hereafter, 
it  refers  only  to  the  space  inside  the  border  lines  and  the 
objects  drawn  i;pon  it.  To  understand  clearly  what  fol- 
lows, refer  to  Plate  I.  Divide  the  drawing  into  two  equal 
parts  by  means  of  a faint  horizontal  line.  This  line  is 
shown  dotted  in  Plate  I,  above  referred  to.  Divide 
each  of  these  halves  into  three  equal  parts,  as  shown  by 
the  dotted  lines;  this  divides  the  drawing  into  six  rect- 
angular spaces.  These  division  lines  are  not  to  be  inked 
in,  but  must  be  erased  when  the  plate  is  completed.  On 
the  first  five  plates,  space  for  the  lettering  must  be  taken 
into  account.  For  each  of  the  six  equal  spaces,  the 
lettering  will  take  up  one  or  two  lines.  The  height  of  all 
capital  letters  on  these  plates  will  be  -A",  and  of  the  small 
letters  f of  this,  or  A/'.  The  distance  between  any  two 
lines  of  lettering  will  also  be  . The  distance  between 
the  tops  of  the  letters  on  the  first  line  of  lettering  and 
the  top  line  of  the  equal  divisions  of  the  drawing  is  to 
be  i";  and  the  space  between  the  bottoms  of  the  letters 
and  the  topmost  point  of  the  figure  represented  on  the 
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drawing-  within  one  of  these  six  divisions  must  also  be 
not  less  than  j".  This  makes  a very  neat  arrangement, 
if  the  figure  is  so  placed  that  the  outermost  points  of 
the  bounding  lines  are  equally  distant  from  the  sides  of 
one  of  the  equal  rectangular  spaces.  Consequently,  if 
there  is  one  line  of  lettering,  no  point  of  the  figure 
drawn  should  come  nearer  than  y -f-  -^y  + to  the 

topline  of  the  space  within  which  it  is  represented;  or,  if 
there  are  two  lines  of  lettering,  nearer  than  y -f-  fy  -|-  -gy 
-\--$y  4 ~y  — 1 -gy.  The  letter  heading  for  each  figure  on 
the  first  five  plates  will  be  printed  in  heavy-faced  type 
at  the  beginning  of  the  directions  explaining  each  prob- 
lem. The  student  must  judge  for  himself  by  the  length 
of  the  heading  whether  it  will  take  up  one  line  or  two,  and 
make  due  allowance  for  the  space  it  takes  up.  This  is  a 
necessary  precaution,  because  the  lettering  should  never  be 
done  until  the  rest  of  the  drawing  is  entirely  finished  and 
inhed  in. 

Problem  1. — To  bisect  a straight  line. 

See  Fig.  31 ; also  1 of  Plate  I. 


xo 


Construction. — Draw  a straight  line  A B,  %y  long.  With 
one  extremity  A as  a center,  and  a radius  greater  than  one- 

half  of  the  length  of  the 
line,  describe  an  arc  of  a 
circle  on  each  side  of  the 
given  line;  with  the  other 
extremity  B as  a center, 
.jj  and  the  same  radius,  de- 
scribe arcs  intersecting 
the  first  two  in  the 
points  C and  D.  Join  C 
and  D by  the  line  CD, 
and  the  point  P \ where  it 
intersects  A B,  will  be  the 
required  point;  that  is,  A P — PB,  and  Pis  the  middle  point 
of  A B.  Since  CD  is  perpendicular  to  A B,  this  construction 
also  gives  a perpendicular  to  a straight  line  at  its  middle  point. 


p 


\/  T 

A1 


Fig.  31. 
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Problem  2. — To  draw  a perpendicular  to  a straight 
line  from  a given  point  in  that  line. 

Note. — As  there  are  two  cases  of  this  problem,  requiring  two  figures 
on  the  plate,  the  line  of  letters  will  be  run  clear  across  botli  figures,  as 
shown  in  Plate  I. 


Case  I. — When  the  point  is  at  or  near  the  center  of 
the  line.  See  Fig.  32;  also  2,  Case  I,  of  Plate  I. 

Construction.  — Draw 
A B 3\"  long.  Let  P 
be  the  given  point.  With 
P as  a center,  and  any 
radius,  as  PD,  describe 
two  short  arcs  cutting 
A B in  the  points  C and  D. 

With  C and  D as  cen- 
ters, and  any  convenient 
radius  greater  than  PD,  describe  two  arcs  intersecting 
in  A.  Draw  PE,  and  it  will  be  perpendicular  to  A B 
at  the  point  P. 


B 



\D 

1 .p 

Fig.  32. 

Case  II. — When  the  point  is  near  the  end  of  the  line.  See 

Fig.  33;  also  2,  Case  II,  of 
Plate  I. 

Draw  A B 3f'  long. 
Take  the  given  point  P 
about  f " from  the  end  of 
the  line.  With  any  point 
O as  a center,  and  a radius 
p OP,  describe  an  arc  cut- 
ting A B in  P and  D. 
Draw  DO,  and  prolong  it 
until  it  intersects  the  arc 
in  the  point  C.  A line  drawn  through  C and  P will  be  per- 
pendicular to  A B at  the  point  P 

Problem  3. — To  draw  a perpendicular  to  a straight 
line  from  a point  without  it. 


As  in  Problem  2,  there  are  two  cases. 
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Case  I.  — When  the  point  lies  nearly  over  the  center 
of  the  line.  See  Fig.  34;  also  3,  Case  I,  of  Plate  I. 

Construction.— Draw 
A B 3 long.  Let  P be 
the  given  point.  With  P 
as  a center,  and  any  radius 
P D greater  than  the  dis- 
tance from  P to  A B:  de- 
scribe  an  arc  cutting  A B 
in  C and  D.  With  C .send 
D as  centers,  and  any  con- 
venient radius,  describe 
short  arcs  intersecting 
in  E.  A line  drawn  through  P and  E will  be  perpendicular 
to  A B at  F. 


Case  II. — When  the  point  lies  nearly  over  one  end  of  the 
line.  See  Fig.  35;  also  3,  Case  II,  of  Plate  I. 


Draw  A B 31"  long,  and  let  P be  the  given  point.  With 


any  point  C on  the 
line  A B as  a center, 
and  the  distance  C P 
as  a radius,  describe 
an  arc  P E D cutting  A_ 
A B in  E.  With  E as 
a center,  and  the  dis- 
tance E P as  a radius, 
describe  an  arc  cut- 
ting the  arc  PE  D in  D. 

The  line  joining  the  points 
to  A B. 


Fig.  35.  'd 

P and  D will  be  perpendicular 


Problem  4.  — Through,  a given  point,  to  draw  a 
straight  line  parallel  to  a given  straight  line. 

See  Fig.  36;  also  4 of  Plate  I. 

Construction. — Let  P be  the  given  point,  and  A B the 
given  straight  line  3\"  long.  With  P as  a center,  and  any 
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convenient  radius,  describe  an  arc  CD  intersecting  A B 
in  D.  With  D as  a center,  and  the  same  radius,  describe 
the  arc  PE.  With  D as  a center,  and  a radius  equal  to  the 


lines  and  then  inked  in.  It  will  be  noticed  that  on  Plate  I, 
and  Figs.  31  to  30,  the  given  lines  are  light , the  required 
lines  heavy , and  the  construction  lines,  which,  in  a practical 
working  drawing,  would  be  left  out,  are  light  dotted.  This 
system  must  also  be  followed  in  the  four  plates  which  are  to 
follow.  A single  glance  enables  one  to  see  at  once  the 
reason  for  drawing  the  figure,  and  the  eye  is  directed 
immediately  to  the  required  line. 

In  the  first  five  plates,  accuracy  and  neatness  are  the  main 
things  to  be  looked  out  for.  The  student  should  be  certain 
that  the  lines  are  of  precisely  the  length  that  is  specified  in 
the  description.  When  drawing  a line  through  two  points,  be 
sure  that  the  line  goes  through  the  points;  if  it  does  not  pass 
exactly  through  the  points,  erase  it  and  draw  it  over  again. 
If  a line  is  supposed  to  end  at  some  particular  point,  make 
it  end  there — do  not  let  it  extend  beyond  or  fall  short. 
Thus,  in  Fig.  36,  if  the  line  PC  does  not  pass  through  the 
points  A*  and  C,  it  is  not  parallel  to  A B.  By  paying  care- 
ful attention  to  these  points,  the  student  saves  himself  a 
great  deal  of  trouble  in  the  future.  Do  not  hurry  your 
work. 

First  ink  in  all  of  the  light  lines  and  light  dotted  lines 
(which  have  the  same  thickness);  then  ink  in  the  heavy 
required  lines  after  the  pen  has  been  readjusted.  Now  do  the 
lettering  (first  read  carefully  the  paragraphs  under  the  head 
“ Lettering  ”),  and  finally  draw  the  heavy  border  lines,  which 


, c . < 

p describe  an  arc  mtersect- 

/ ing  C Din  C.  A straight 

line  drawn  through  P and 

C will  be  parallel  to  A B. 


chord  of  the  arc  PE, 


A 


34.  These  four  prob- 
lems form  Plate  I.  They 


Fig.  36. 


should  be  carefully  and  accurately  drawn  in  with  lead-pencil 
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should  be  thicker  than  any  other  line  on  the  drawing. 
The  word  “ Plate  ” and  its  number  should  be  printed 
at  the  top  of  the  sheet,  outside  the  border  lines,  and 
midway  of  its  length,  as  shown.  The  student’s  name, 
followed  by  the  words  “Class”  and  “No.,”  and  after 
this  his  course  letter  and  class  number  should  be  printed 
in  the  lower  right-hand  corner  below  the  border  line, 
as  shown.  Thus,  John  Smith,  Class  No.  C 4529.  The 
date  on  which  the  drawing  was  completed  should  be 
placed  in  the  lower  left-hand  corner,  below  the  border 
line.  All  of  this  lettering  is  to  be  in  capitals  pf  high. 
Erase  the  division  lines,  and  clean  the  drawing  by  rub- 
bing very  gently  with  the  eraser.  Care  must  be  exer- 
cised when  doing  this,  or  the  inked  lines  will  also  be  erased. 
It  is  best  to  use  a so-called  “ Sponge  Rubber  ” for  this  pur- 
pose, as  it  will  not  injure  the  inked  lines.  If  any  part  of  a 
line  has  been  erased  or  weakened, , it  must  be  redrawn.  Then 
write  with  the  lead  pencil  your  name  and  address  in  full 
on  the  back  of  your  drawing,  after  which  put  your  drawing 
in  the  empty  tube  which  was  sent  you,  and  send  it  to  the 
Schools. 


HINTS  TOR  PLATE  I. 

35.  Do  not  forget  to  make  a distinction  between  the  width 
of  the  given  and  required  lines,  nor  forget  to  make  the  con- 
struction lines  dotted. 

When  drawing  dotted  lines , take  pains  to  have  the  dots 
and  spaces  uniform  in  length.  Make  the  dots  about  fif 
long  and  the  spaces  only  about  one-third  the  length  of 
the  dots. 

Try  to  get  the  work  accurate.  The  constructions  must  be 
accurate , and  all  lines  or  figures  should  be  drawn  of  the 
length  or  size  previously  stated.  To  this  end , work  carefully 
and  keep  the  pencil  leads  very  sharp , so  that  the  lines  will 
be  fine. 

The  lettering  on  the  first  few  plates , as  well  as  on  the  suc- 
ceeding  plates , is  fully  as  important  as  the  drawing , and 
should  be  done  in  the  neatest  possible  manner.  Drawings  sent 
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in  fur  correction  with  the  lettering  omitted  will  be  returned 
for  completion. 

The  reference  letters  like  A,  B,  C,  etc.,  as  shown  in  Fig.  31, 
are  not  to  be  put  on  the  plates. 

Do  not  neglect  to  trim  the  plates  to  the  required  size.  Do 
not  punch  large  holes  in  the  paper  with  the  dividers  or  com- 
passes. Remember  that  the  division  lines  are  to  be  erased — 
not  inked  in. 


PliATE  IT. 


36.  Draw  the  division  lines  in  the  same  manner  as 
described  for  Plate  I.  The  following-  five  problems,  Nos.  5 
to  9,  inclusive,  are  to  be  drawn  in  regular  order,  as  was 
done  in  Plate  I,  with  problems  from  1 to  4.  The  letter 
headings  are  given  in  heavy-faced  type  after  the  problem 
number. 


Problem  5. — To  bisect  a driven  anerle.* 


Case  I. — When  the  sides  intersect  within  the  limits  of  the 
drawing.  See  Fig.  37. 

Construction. — Let 
A O B be  the  angle  to  be 
bisected.  Draw  the  sides 
0 A and  0 B 3^"  long. 

With  the  vertgx  O as  a 
center,  and  any  convenient 
radius,  describe  an  arc  D E 
intersecting  O A at  D and 
O B at  E.  With  D and  E 
as  centers,  and  'a  radius 
greater  than  the  chord  of  half  the  arc  D E,  describe  two  arcs 
intersecting  at  C.  The  line  drawn  through  C and  O will 
bisect  the  angle ; that  is,  A O C = COB. 


Fig.  37. 


* Since  the  letter  heading  in  this  problem  is  very  short,  it  will  be 
better  to  place  it  over  each  of  the  two  cases  separately,  instead  of 
running  it  over  the  division  line,  as  was  done  with  the  long  headings 
of  the  two  cases  in  Plate  I.  Put  Case  I and  Case  II  under  the  head- 
ing, as  in  the  previous  plate. 
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Case  II. — When  the  sides  do  not  intersect  within  the  limits 
of  the  drawing.  See  Fig.  38. 

Draw  two  lines,  A B and  C D , each  3\"  long,  and  inclined 
towards  each  other  as  shown.  With  any  point  E on  CD  as 
a center,  and  any  convenient  radius,  describe  arc  FIGH\ 
with  G as  a center  and  same  radius,  describe  arc  II  L E F, 
intersecting  FIGH  in  H and  F.  With  L as  a center, 
and  same  radius,  describe  arc  K G f;  with  I as  a center, 
and  same  radius,  describe  arc  J E K,  intersecting  KGJ 
in  K and  J.  Draw  H F and  J K;  they  intersect  at  O,  a 
point  on  the  bisecting  line.  With  0 as  a center,  and  the 


Fig.  38. 

same  or  any  convenient  radius,  describe  an  arc  intersecting 
A B and  CD  in  M and  N.  With  M and  N as  centers,  and 
any  radius  greater  than  one-half  31 N,  describe  arcs  inter- 
secting at  P.  A line  drawn  through  O and  P is  the  required 
bisecting  line. 

Problem  6. — To  divide  a,  given  straight  line  into 
any  required  number  of  equal  parts. 

See  Fig.  39  (a).  „ 

Construction. — A B is  the  given  line  3^f  long.  It  is 
required  to  divide  it  into  eight  equal  parts.  Through  one 
extremity  A of  the  line,  draw  an  indefinite  straight  line  A C, 
making  any  angle  with  A B.  Set  the  dividers  to  any 
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D. 


E, 


K\ 


\ 


R 


PON 
Fig.  39  ( a ). 


^Ii 


convenient  distance,  and  space  off  eight  equal  divisions  on 
AC,  as  A K,  K I,  / H,  etc.  Join  d’and  B by  the  straight 
line  C B,  and  through  the  points  D , E , F,  G,  etc.  draw 
lines  D L,  E M,  etc.  parallel 
to  C B,  by  using  the  two 
triangles;  these  parallels  in- 
tersect A B in  the  points 
L,  M,  N,  etc.,  which  are 
equally  distant  apart.  The 
spaces  L M,  M N,  JV  O,  etc. 
are  each  equal  to  £ A B. 

Proceed  in  a similar  way 
for  any  number  of  equal  parts  into  which  A B is  to  be 
divided. 

An  important  modification  of  the  method  just  described 
is  shown  in  Fig.  39  (b).  Draw  A B as  before,  and  erect 
the  perpendicular  B C.  Now  divide  3Ti’6-//,  the  length  of 

A B,  by  8,  the  number 
denoting  the  number  of 
equal  parts  into  which  A B 
is  to  be  divided,  obtaining 

3tV'-8  = r + Th",  divi- 
ding the  whole  number  and 
the  fraction  separately.  Now 


\o 


F,''  I 


" I 

I 


.'1 


K 


R 


PON 
Fig.  39  (6). 


M L 


considering  f"-hT|-8//  to  be 
approximately  equal  to 
multiply  by  8,  the  number  of  parts  into  which  A B 
is  to  be  divided;  the  result  is  |"x8  = 4",  which  is  the 
length  of  A C.  With  A as  a center  and  a radius  equal 
to  4"  describe  an  arc  cutting  B C in  C,  and  draw  A C. 
Then  with  a scale  lay  off  A K — K I = etc.  — , and 

project  K,  /,  H,  etc.  upon  A B,  in  T,  B,  P,  etc.,  the 
required  points.  The  advantage  of  this  method  over  the 
other  is  that  the  T square  and  triangle  can  be  used  through- 
out, thus  making  it  very  much  easier  to  draw  the  parallels 
D L,  E M \ etc. 

The  student,  when  drawing  this  plate,  is  at  liberty  to  use 
either  of  the  two  methods  given  in  this  problem. 
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Problem  7. — To  draw  a straight  lino  through  any 
given  point  on  a given  straight  line  to  make  any 
required  angle  with  that  line. 

Construction. — In  Fig-.  40,  A B is  the  given  line  3|" 
long,  P is  the  given  point,  and  EOF  is  the  given  angle. 

With  the  vertex  0 
as  a center,  and  any 
convenient  radius,  de- 
scribe an  arc  E F 
cutting  O E and  O F 
in  E and  F.  With  P 
as  a center,  and  the 
B same  radius,  describe 
an  arc  C D.  With  D 
as  a center,  and  a radius  equal  to  the  chord  of  the  arc  E F, 
describe  an  arc  cutting  CD  in  C.  A line  drawn  through 
the  points  P and  C will  make  an  angle  with  A B equal  to 
the  angle  O,  or  C P D — EOF. 

Problem  8. — To  draw  an  equi- 
lateral triangle,  one  side  being 
given. 

Construction. — In  Fig.  41,  A B 
is  the  given  side  long.  With  A B 
as  a radius,  and  A and  B as  centers,  A 
describe  two  arcs  intersecting  in  C. 

Draw  C A and  C B,  and  CAB  is  an  equilateral  triangle. 

Problem  9.— The  altitude  of  an  equilateral  triangle 
being  given,  to  draw  the  triangle. 

Construction. — InFig.42, 
A B is  the  altitude  2\"  long. 
Through  the  extremities  of 
A B draw  the  parallel  lines 
C D and  E F perpendicular 
to  A B.  With  B as  a cen- 
ter, and  any  convenient  ra- 
dius, describe  the  semicircle 
fig.  42.  C H K D intersecting  CD  in 


Fig.  40. 
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C and  D.  With  C and  D as  centers,  and  the  same  radius, 
describe  arcs  cutting  the  semicircle  in  H and  K.  Draw 
B H and  B K,  and  prolong  them  to  meet  £ £ in  £ and  F. 
B £ F is  the  required  equilateral  triangle. 

This  problem  finishes  Plate  II.  The  directions  for  inking 
in,  lettering,  etc.  are  the  same  as  for  Plate  I. 


PLATE  III. 

3 To  This  plate  is  to  be  divided  up  like  Plates  I and  II, 
and  the  six  following  problems  are  to  be  drawn  in  a similar 
manner : 

Problem  10. — Two  sides  and  the  included  angle  of  a 
triangle  being  given,  to  construct  the  triangle. 

Construction. — In  Fig. 

43,  make  the  given  sides 
MN  2\"  long  and  PQ 
If"  long.  Let  0 be  the 
given  angle.  Draw  A B , 
and  make  it  equal  in 
length  to  P Q.  Make  the 
angle  CBA  equal  to  the 
given  angle  O,  and  make 
C B equal  in  length  to 
the  line  M N.  Draw  C A, 
and  CAB  is  the  required  triangle. 

Problem  11. — To  draw  a parallelogram  when  the 
sides  and  one  of  the  angles  are  given. 

Construction.  — In 
o Fig.  44,  make  the  given 
sides  M N 2f"  long  and 
PQ  If"  long.  Let  0 be 
the  given  angle.  Draw 
A B equal  to  M N,  and 

m • * if  draw  B C,  making  an 

p q angle  with  A B equal 

fig.  44.  to  the  given  angle  0. 
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Make  B C equal  to  P Q.  With  C as  a center,  and  a radius 
equal  to  M N,  describe  an  arc  at  D.  With  A as  a center, 
and  a radius  equal  to  P Q,  describe  an  arc  intersecting  the 
other  arc  in  D.  Draw  A D and  CD , and  A B C D is  the 
required  parallelogram. 

Problem  12. — An  arc  and  its  radius  being  given,  to 
find  the  center. 

Construction. — In  Fig.  4 5,  A C D B is  the  arc,  and  M N, 

If"  long,  is  the  radius.  With 
M N as  a radius, and  any  point 
C in  the  given  arc  as  a center, 
describe  an  arc  at  0.  With 
any  other  point  D in  the 
given  arc  as  a center,  and  the 
same  radius,  describe  an  arc 
intersecting  the  first  in  O. 
0 is  the  required  center. 

Problem  13. — To  pass  a circumference  through  any 
three  points  not  in  the  same  straight  line. 

Construction. — -In  Fig.  4G,  A,  B,  and  C are  the  given 
points.  With  A and  B as  centers,  and  any 
convenient  radius,  describe  arcs  inter- 
secting each  other  in  K and  /.  With  B 
and  C as  centers,  and  any  convenient 
radius,  describe  arcs  intersecting  each 
other  in  D and  E.  Through  / and  K 
and  through  D and  E , draw  lines  inter- 
secting at  0.  With  0 as  a center,  and 
OA  as  a radius,  describe  a circle;  it 
will  pass  through  A , B,  and  C. 

Problem  14. — To  inscribe  a square  in  a given  circle.. 

Construction. — In  Fig.  47,  the  circle  A B C D is  3|"  in 
diameter.  Draw  two  diameters,  A C and  D B,  at  right 
angles  to  each  other.  Draw  the  lines  A B,  B C,  CD , 
and  DA  joining  the  points  of  intersection  of  these  diameters 


ar- .n 

Fig.  45. 
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with  the  circumference  of  the  circle,  and  they  will  be  the 
sides  of  the  square. 


A 


Problem  15. — To  inscribe  a regular  hexagon  in  a 
given  circle. 

Construction. — In  Fig.  48,  from  0 as  a center,  with  the 
dividers  set  to  If",  describe  the  circle  A B C D R F.  Draw 
the  diameter  D O A,  and  from  the  points  D and  A,  with  the 
dividers  set  equal  to  the  radius  of  the  circle,  describe 
arcs  intersecting  the  circle  at  E,  C , F,  and  B.  Join  these 
points  by  straight  lines,  and  they  will  form  the  sides  of  the 
hexagon.  This  problem  completes  Plate  III. 


PLATE  IV, 

38,  The  first  four  problems  on  this  plate  are  more  diffi- 
cult than  any  on  the  preceding  plates  and  will  require  very 
careful  construction.  All  the  sides  of  each  polygon  must  be 
of  exactly  the  same  length,  so  that  they  will  space  around 
evenly  with  the  dividers.  The  figures  should  not  be  inked 
in  until  the  pencil  construction  is  done  accurately.  The 
preliminary  directions  for  this  plate  are  the  same  as  for  the 
preceding  ones. 
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Problem  16. — To  inscribe  a regular  pentagon  in  a 
given  circle. 

Construction. — In  Fig.  49,  from  O as  a center,  with  the 


A 


dividers  set  to  If",  describe 
the  circle  A B C D.  Draw  the 
two  diameters  A C and  D B 
at  right  angles  to  each  other. 
Bisect  one  of  the  radii,  as  0 B, 
at  /.  With  / as  a center,  and 
I A as  a radius,  describe  the 
arc  A J cutting  DO  at  J. 
With  A as  a center,  and  A J 
as  a radius,  describe  an  arc 
J H cutting  the  circumference 
at  H.  The  chord  A H is  one 
side  of  the  pentagon. 


Problem  17. — To  inscribe  a regular1  octagon  in  a 
given  circle. 


to  If",  describe 


Construction. 
dividers  set 
the  circle  ABCDRFGH. 
Draw  the  two  diameters  A E 
and  G C at  right  angles  to 
each  other.  Bisect  one  of  the 
four  equal  arcs,  as  A G at  //, 
and  draw  the  diameter//  O D. 
Bisect  another  of  the  equal 
arcs,  as  A C at  B,  and  draw 
the  diameter  B 0 F Straight 
lines  drawn  from  A to  B, 
from  B to  C,  etc.,  will  form 
the  required  octagon. 


In  Fig.  50,  from  O as  a center,  with  the 


Fig.  50. 


Problem  18.- — To  inscribe  a regular  polygon  of  any 
number  of  sides  in  a given  circle. 


Construction. — In  Fig.  51,  from  0 as  a center,  with  the 
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dividers  set  to  If",  describe  the  circle  A 7 C D.  Draw  the 
two  diameters  D7  and  AC  at  right  angles  to  each  other. 
Divide  the  diameter  D 7 into  as 
many  equal  parts  as  the  polygon 
has  sides  (in  this  case  seven). 

Prolong  the  diameter  A C and 
make  S'  A equal  to  three-fourths 
of  the  radius  O A.  Through 
S'  and  2,  the  second  division  from 
D on  the  diameter  D 7,  draw  the 
line  S'  /,  cutting  the  circumfer- 
ence at  I.  Draw  the  chord  D I,  and 
it  is  one  side  of  the  required  poly- 
gon. The  others  may  be  spaced 
off  around  the  circumference. 

Problem  10. — Tlie  side  of  a regular  polygon  being 
given,  to  construct  tlie  polygon. 

Construction. — In  Fig.  52,  let  AC  be  the  given  side.  If 
the  polygon  is  to  have  eight  sides,  the  line  A C should  be, 

for  this  plate,  1\"  long.  Pro- 
duce A C to  B.  From  C as  cen- 
ter, with  a radius  equal  to  C A , 
describe  the  semicircle  A 123  Jf 
5 67  B,  and  divide  it  into  as 
many  equal  parts  as  there  are 
sides  in  the  required  polygon 
(in  this  case  eight).  From  the 
point  C,  and  through  the  second 
division  from  B,  as  6,  draw  the 
straight  line  C6.  Bisect  the 
lines  A C and  C 6 by  perpendiculars  intersecting  in  O. 
From  O as  a center,  and  with  O C as  a radius,  describe  the 
circle  C A // GFEDG.  From  C,  and  through  the  points 
1,  2,  3,  4,  5 in  the  semicircle,  draw  lines  C H,  C G,  C F,  etc. 
meeting  the  circumference.  Joining  the  points  6 and  D , 
D and  E,  E and  F,  etc.  by  straight  lines,  will  complete  the 
required  polygon. 


Fig.  51. 


42 


GEOMETRICAL  DRAWING. 


§ 13 


Problem  20. — To  find  an  arc  of  a circle  having  a 
known  radius,  which,  shall  he  equal  in  length  to  a 
given  straight  line. 

Note. — There  is  no  exact  method,  but  the  following  approximate 
method  is  close  enough  for  all  practical  purposes,  when  the  required 
arc  does  not  exceed  ^ of  the  circumference. 

Construction.  — In  Fig.  53,  let  AC  be  the  given  line 
3^-" long.  At  A,  erect  the  perpendicular  AO,  and  make  it 

equal  in  length  to  the 
given  radius,  say4"long. 
With  O A as  a radius, 
and  O as  a center,  de- 
scribe the  arc  ABE. 
Divide  A C into  four 
equal  parts,  A D being 
the  first  of  these  parts, 
counting  from  A.  With 
D as  a center,  and  a 
radius  D C,  describe  the 
arc  C B intersecting 
ABE  in  B.  The  length  of  the  arc  A B very  nearly  equals 
the  length  of  the  straight  line  A C. 

Problem  21. — An  arc  of  a circle  being  given,  to 
find  a straight  line  of  the  same  length. 

This  is  also  an  approximate 
method,  but  close  enough  for 
practical  purposes,  when  the 
arc  does  not  exceed  ^ of  the 
circumference. 

Construction. — In  Fig.  54, 
let  A B be  the  given  arc ; find 
the  center  O of  the  arc,  and 
draw  the  radius  O A.  For  this 
problem,  choose  the  arc  so  that 
the  radius  will  not  exceed  If".  At  A,  draw  A C perpen- 
dicular to  the  radius  (and,  of  course,  tangent  to  the  arc). 


o. 


Fig.  r>4. 
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Draw  the  chord  A B,  and  prolong  it  to  D,  so  that  A D — \ 
the  chord  A B.  With  D as  a center,  and  a radius  D B , 
describe  the  arc  B C cutting  A C in  C.  AC  will  be  very 
nearly  equal  to  the  arc  A B. 


PLATE  V. 


39.  On  this  plate  there  are  five  problems  instead  of  six. 
It  should  be  divided  into  six  equal  parts  or  divisions,  as  the 
previous  ones.  The  two  right-hand  end  divisions  are  used 
to  draw  in  the  last  figure  of  Plate  V,  which  is  too  large  to  put 
in  one  division. 

Problem  22. — To  draw  an  egg-shaped  oval. 


Construction. — In  Fig.  55,  on  the  diameter  A B,  which 
is  21"  long,  describe  a circle  Q 

A C B G.  Through  the  center  0 , 
draw  0 C perpendicular  to  A B, 
cutting  the  circumference  A C B G 
in  C.  Draw  the  straight  lines 
B C F and  A C E.  With  B and  A 
as  centers,  and  the  diameter  A B 
as  a radius,  describe  arcs  termina- 
ting in  D and  //,  the  points  of  inter- 
section with  B F and  A E.  With 
Casa  center,  and  CD  as  a radius, 
describe  the  arc  D II.  The  curve 
A D H B G is  the  required  oval. 


Problem  23. — To  draw  an  ellipse,  the  diameters  feeing 
given.  The  exact  method. 

Construction. — In  Fig.  5G,  let  B D,  the  long  diameter, 
or  major  axis,  which  is  3^"  long,  and  A C,  the  short  diameter, 
or  minor  axis,  which  is  2^"  long,  intersect  at  right  angles 
to  each  other  in  the  center  Q,  so  that  D 0 — OB  and 
AO—  O C.  With  O as  a center,  and  O C as  a radius, 
describe  a circle;  with  the  same  center,  and  O D as  a radius, 
describe  another  circle.  Divide  both  circles  into  the  same 
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number  of  equal  parts,  as  1-2,  2-3,  etc.  This  is  best  done 
by  first  dividing  the  larger  circle  into  the  required  number 
of  parts,  beginning  at  the  center  line  A C,  and  then  draw- 
ing radial  lines  through  the  points  of  division  on  this  circle, 

to  the  center  O of  the  cir- 
cles, as  shown  in  the  upper 
right-hand  quarter  of  the 

figure.  The  radial  lines  will 

divide  the  smaller  circle  into 
the  same  number  of  parts 
that  the  larger  one  has  been 
divided  into.  Through  the 
points  of  division  on  the 

smaller  circle,  draw  hori- 
zontal lines,  and,  through  the 
points  of  division  on  the 

larger  circle,  draw  vertical  lines;  the  points  of  intersection 
of  these  lines  are  points  on  the  ellipse.  Thus,  the  horizon- 
tal line  3 c and  the  vertical  line  3 c intersecting  at  c give  the 
point  r of  the  ellipse.  Trace  a curve  through  the  points 
thus  found  by  placing  an  irregular  curve  on  the  drawing  in 
such  a manner  that  one  of  its  bounding  lines  will  pass 
through  three  or  more  points,  judging  with  the  eye  whether 
the  curve  so  traced  bulges  out  too  much  or  is  too  flat. 
Then  adjust  the  curve  again,  so  that  its  bounding  line  will 
pass  through  several  more  points,  and  so  on,  until  the 
curve  is  completed.  Care  should  be  taken  to  make  all 
changes  in  curvature  as  gradual  as  possible,  and  all  curves 
drawn  in  this  manner  should  be  drawn  in  pencil  before 
being  inked  in.  It  requires  considerable  practice  to  be  able 
to  draw  a good  curved  line  in  this  manner  by  means  of  an 
irregular  curve,  and  the  general  appearance  of  a curve  thus 
drawn  depends  a great  deal  upon  the  student’s  taste  and  the 
accuracy  of  his  eye. 

Problem  24. — To  draw  an  ellipse  by  circular  arcs. 

This  is  not  a true  ellipse,  but  is  very  convenient  for  many 
purposes. 
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Construction. — In  Fig.  57,  use  the  same  dimensions  as 
before.  On  the  major  axis  A B,  set  off  A a = C D,  the  minor 
axis,  and  divide  a B 
into  three  equal  parts. 


describe  the  arc  g D f IC"  ° ' 

intersecting  bdf  and  b d'  g in  f and  g.  With  the  same 
radius,  and  b'  as  a center,  describe  the  arc  cCc  intersect- 
ing b'd'c  and  b'd e in  c and  e.  With  A and  B as  centers, 
and  a radius  equal  to  the  chord  of  the  arcs  A c or  B e,  describe 
arcs  cutting  A B very  near  to  d'  and  d.  From  the  points  of 
intersection  of  these  arcs  with  A B as  centers,  and  the  same 
radius,  describe  the  arcs  c A g and  e B f 

Problem  25. — To  draw  a parabola,  the  axis  and  long- 
est double  ordinate  being  given. 

Explanation. — The  curve  shown  m Fig.  58  is  called  a 
parabola.  This  curve  and  the  ellipse  are  the  bounding  line 
of  certain  sections  of  a cone.  The  line  0 A .,  which  bisects 
the  area  included  between  the  curve  and  the  line  B C,  is  called 
the  axis.  Any  line,  B A or  A C,  drawn  perpendicular  to  0 A, 
and  whose  length  is  included  between  O A and  the  curve,  is 
called  an  ordinate.  Any  line,  as  B C,  both  of  whose  extrem- 
ities rest  on  the  curve,  and  is  perpendicular  to  the  axis,  is 
called  a double  ordinate.  Point  O is  called  the  vertex. 

Construction.— Make  the  axis  0 A equal  to  3^",  and  the 
longest  double  ordinate  BC  equal  to  3".  BA,  of  course, 
equals  A C.  Draw  D E through  the  other  extremity  of  the 


db  d'  and  d b'd' . With 
b as  a center,  and,  a 
radius  equal  to  b D, 


and  d' . Upon  d d'  as 
a side,  construct  two 
equilateral  triangles 


With  0 as  a center, 
and  a radius  equal  to 
the  length  of  two  of 
these  parts,  describe 


arcs  cutting  A B in  d & 
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axis  and  perpendicular  to  it;  also  draw  B D and  CE  par- 
allel to  0 A and  intersecting  D E in  D and  E.  Divide  DB 
and  A B into  the  same  number  of  equal  parts,  as  shown 
(in  this  case  six);  through  the  vertex  0 , draw  0 1,  02,  etc. 
to  the  points  of  division  on  D B,  and  through  the  corre- 


sponding points  1,  2,  etc.,  on  A B,  draw  lines  parallel  to  the 
axis.  The  points  of  intersection  of  these  lines,  a,  b,  c,  etc., 
are  points  on  the  curve,  through  which  it  may  be  traced. 
In  a similar  manner,  draw  the  lower  half  Ofgh  il  C of  the 
curve. 

Problem  26.  — To  draw  a helix,  the  pitch  and  the 
diameter  being  given. 

Explanation. — The  helix  is  a curve  formed  by  a point 
moving  around  a cylinder  and  at  the  same  time  advancing 
along  its  length  a certain  distance;  this  forms  the  winding 
curved  line  shown  in  Fig.  59.  The  center  line  A 0,  drawn 
through  the  cylinder,  is  called  the  axis  of  the  helix,  and  any 
line  perpendicular  to  the  axis  and  terminated  by  the  helix  is 
of  the  same  length,  being  equal  to  the  radius  of  the  cylinder. 
The  distance  B 12  that  the  point  advances  lengthwise  during 
one  revolution  is  called  the  pitch. 
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Construction. — As  mentioned  before,  this  figure  occupies 
two  spaces  of  the  plate.  The  diameter  of  the  cylinder  is 
the  pitch  is  2",  and  a turn  and  a half  of  the  helix  is  to 
be  shown.  The  rectangle  F B ED  is  a side  view  of  the 
cylinder,  and  the  circle  1'  2’  S'  B , etc.  is  a bottom  view.  It 
will  be  noticed  that  one-half  of  a turn  of  the  helix  is  shown 


dotted ; this  is  because  that  part  of  it  is  on  the  other  side  of 
the  cylinder,  and  cannot  be  seen.  Lines  that  are  hidden  are 
drawn  dotted.  Draw  the  axis  OA  in  the  center  of  the  space. 
Draw  F D,  3 Y long  and  4"  from  the  top  border  line;  on  it 
construct  a rectangle  whose  height  F B — 3".  Take  the 
center  O of  the  circle  2f  " below  the  point  H on  the  axis  A 0> 
and  describe  a circle  having  a diameter  of  3^"  equal  to  the 
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diameter  of  the  cylinder.  Lay  off  the  pitch  from  B to  12 
equal  to  2",  and  divide  it  into  a convenient  number  of  equal 
parts  (in  this  case  12),  and  divide  the  circle  into  the  same 
number  of  equal  parts,  beginning  at  one  extremity  of  the 
diameter  12'  O 6\  drawn  parallel  to  BE.  At  the  point  1'  on 
the  circle  divisions,  erect  l'-l'  perpendicular  to  B E;  through 
the  point  1 of  the  pitch  divisions,  draw  1-1’  parallel  to  B E , 
intersecting  the  perpendicular  in  1',  which  is  a point  on  the 
helix.  Through  the  point  2',  erect  a perpendicular  2'-2', 
intersecting  2-2'  in  2',  which  is  another  point  on  the  helix. 
So  proceed  until  the  point  6 is  reached ; from  here  on,  until 
the  point  12  of  the  helix  is  reached,  the  curve  will  be  dotted. 
It  will  be  noticed  that  the  points  of  division  7\  8',  9',  10 and 
11'  on  the  circle  are  directly  opposite  the  points  5f,  If',  3',  2\ 
and  V ; hence,  it  was  not  necessary  to  draw  the  lower  half 
of  the  circle,  since  the  point  5'  could  have  been  the  starting 
point,  and  the  operation  could  have  been  conducted  back- 
wards to  find  the  points  on  the  dotted  upper  half  of  the  helix. 
The  other  full-curved  line  of  the  helix  can  be  drawn  in 
exactly  the  same  manner  as  the  first  half. 

This  ends  the  subject  of  practical  geometry.  Mechan- 
ical drawing,  or  the  representation  of  objects  on  plane 
surfaces,  will  now  be  commenced. 


TIIE  REPRESENTATION  OE  OBJECTS. 

40.  There  are  five  kinds  of  lines  used  in  mechanical 
drawing,  thus: 

The  light  full  line 

The  dotted  line.  

The  broken  and 

dotted  line. 


The  broken  line.  *- 
The  heavy  full  line.  - 
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The  light  full  line  is  used  the  most ; it  is  used  for  drawing 
the  outlines  of  figures,  and  all  other  parts  that  can  be  seen 
by  the  eye. 

The  dotted  line,  consisting  of  a series  of  very  short  dashes, 
is  used  in  showing  the  position  and  shape  of  that  part  of  the 
object  represented  by  the  drawing,  which  is  concealed  from 
the  eye  in  the  view  shown;  for  example,  a hollow  prism 
closed  on  all  sides.  The  hollow  part  cannot  be  seen ; hence, 
its  size,  shape,  and  position  are  represented  by  dotted  lines. 

The  broken  and  dotted  line,  consisting  of  a long  dash, 
and  two  dots  or  very  short  dashes  repeated  regularly,  is  used 
to  indicate  the  center  lines  of  the  figure  or  parts  of  the  figure, 
and  also  to  indicate  where  a section  has  been  taken  when  a 
sectional  view  is  shown.  This  line  is  sometimes  used  for 
construction  lines  in  geometrical  figures. 

The  broken  line,  consisting  of  a series  of  long  dashes,  is 
used  in  putting  in  the  dimensions,  and  serves  to  prevent 
the  dimension  lines  from  being  mistaken  for  lines  of  the 
drawing. 

The  heavy  full  lines  are  made  not  less  than  twice  as  thick 
as  the  light  full  lines,  and  are  used  for  shade  lines. 

Further  explanations  in  regard  to  these  lines  will  be  given 
when  the  necessity  for  rising  them  arises. 

41.  The  illustrations  in  this  and  the  following  paragraph 
should  be  carefully  studied,  but  the  student  is  not  required 
to  send  in  drawings  from  same.  In  Fig.  GO  is  shown  a per- 
spective view  of  a frustum 
of  a pyramid  having  a rec- 
tangular base  and  a hole 
passing  through  the  center 
of  the  frustum.  This  figure 
represents  the  frustum  as 
it  actually  appears  when 
the  eye  of  the  observer  is 
in  a certain  position.  The 
angles  at  A,  B,  C,  and  D are  right  angles,  the  hole  is  round, 
and  the  sides  A B and  DC  are  of  equal  lengths;  so  also 
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are  A D and  B C ; but,  if  they  were  measured  on  the  draw- 
ing, it  would  be  found  that  their  lengths  are  all  differ- 
ent. The  same  difficulty  would  be  met  with  in  trying  to 
measure  the  angles  and  edges  of  the  sides  A B F E,  B F G C, 
etc.  The  real  lengths  of  any  line  could  be  found  only  by  a 
person  perfectly  familiar  with  perspective  drawing,  and  then 
only  with  great  difficulty.  Consequently,  this  method  of 
representing  objects  is  of  no  use  to  a patternmaker,  car- 
penter, machinist,  or  engineer,  except  to  show  what  the 
object  looks  like.  In  order  to  represent  the  object  in  such  a 
manner  that  any  line  or  angle  can  be  measured  directly, 
what  is  termed  projection  drawing,  or  orthographic  projec- 
tion,, is  universally  employed.  In  the  perspective  drawing 
shown  in  Fig.  60,  three  sides  of  the  frustum  are  shown,  and 
the  other  three  are  hidden;  in  a projection  drawing,  but  one 

side  is  usually  shown,  the  other 
five  being  hidden. 

A line  or  surface  is  projected 
upon  a plane,  by  drawing  per- 
pendicular lines  from  points  on 
the  line  or  surface  to  the  plane, 
K and  joining  them. 

Thus,  if  perpendiculars  be 
drawn  from  the  extremities  of  a line,  as  A B,  to  another  line 
// K,  as  shown  in  Fig.  Gl,  that  portion  of  H K included 
between  the  feet  of  these  perpendiculars  is  called  the  pro- 
jection of  A B upon  H K.  Thus,  C D is  the  projection  of 
A B upon  // K,  the  point  C is  the  projection  of  the  point  A 
upon  H K,  and  the  point  D 
is  the  projection  of  the 
point  B upon  H K. 

The  projection  of  any 
point  of  A B,  as  E,  can  be 
found  by  drawing  a per- 
pendicular from  E to  H K, 
and  the  point  where  this  perpendicular  intersects  H K is  its 
projection.  In  this  case,  the  point  A is  the  projection  of  the 
point  E upon  H K. 
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It  makes  no  difference  whether  the  line  is  straight  or 
curved — the  method  of  finding  the  projection  is  exactly  the 
same.  See  Fig.  62. 

In  a similar  way,  a surface  is  projected  upon  a flat  surface. 

Thus,  it  is  desired  to  project  the  irregular  surface  abdc. 
Fig.  63,  upon  the  flat  surface  ABDC.  Draw  the  lines  a a' , 
b b'  perpendicular  to  the 
flat  surface;  join  the  points 
A and  b' , where  these  per- 
pendiculars intersect  the 
flat  surface  ABDC , by  a 
straight  line^'  b',  and  a ' b ' 
is  the  projection  of  the  line 
a b upon  ABDC. 

In  the  same  way,  a'  c'  is 
found  to  be  the  projection 
of  ac\  c' d',  the  projection  of  c d\  and  d'  b\  the  projection  of 
, db.  Hence,  the  projection  of  the  irregular  surface  abdc 
upon  the  flat  surface  A B D C is  the  quadrilateral  a'  b' d'  c'. 

The  projection  of  any  point,  as  e,  is  found  as  before,  by 

drawing  a perpendicular  from 
the  point  e to  the  surface  ; 
thus,  ef  is  the  projection  of 
the  point  e upon  the  plane 
A BDC. 

Suppose  that  the  frustum, 
Fig.  60,  were  placed  on  a plane 
surface  (a  surface  perfectly 
flat  like  a surface  plate),  and 
the  outline  of  the  bottom  were 
traced  by  passing  a pencil 
along  its  edges,  including  the  round  hole,  the  result  would 
look  like  Fig.  64,  in  which  the  rectangle  E F G H represents 
the  bottom  of  the  frustum  and  the  circle  represents  the  hole. 

The  angles  and  lengths  of  the  sides  are  exactly  the  same 
as  they  are  on  the  frustum  itself;  a similar  drawing  could  be 
made  to  represent  the  top,  but  it  is  unnecessary,  for  the  rea- 
son that  the  top  can  be  projected  on  Fig.  64,  and  both  objects 
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jection  of  the  edge 


G 


accomplished  in  one  drawing.  Fig.  Go  illustrates  the  mean- 
ing of  the  last  statement.  Here  A'  B'  is  the  projection  of 
the  edge  A B,  Fig.  GO;  B'  C' , of  B C,  etc.  A'  h’  is  the  pro- 
A E ; B'  F,  of  B E,  etc.  This  drawing 
shows  the  figure  as  it  would 
look  if  the  eye  were  directly 
over  it.  A drawing  which 
represents  the  object  as  if 
it  were  resting  on  a hori- 
zontal plane,  and  the  ob- 
server looking  at  it  from 
above,  is  called  a top  view, 
or  plan.  The  line  of  vision 
is  thus  perpendicular  to  the 
faces  A B C D and  E F G If 
of  the  frustum.  The  lines  A B,  B C,  etc.,  E F,  F G,  etc.,  and 
the  diameter  of  the  hole,  can  be  measured  directly.  The  draw- 
ing is  not  yet  complete,  since  it  does  not  show  whether  the 
ends  and  sides  are  rounding,  hollowed  out,  or  flat.  For  this 
purpose,  two  more  views  are  necessary — a vertical  projec- 
tion, or  front  view,  commonly  called  a front  elevation,  and 
a side  projection , or  side  view.  A front  view  (elevation) 
is  drawn  by  imagining  the  eye  to  be  so  situated  that  the 
observer  looks  directly  at  the  front  of  the  object;  in  other 
words,  the  line  of  vision  is  parallel  to  the  faces  of  the  frus- 
tum. The  side  looked  at  is 


then  drawn  as  if  it  were  pro- 
jected on  a vertical  plane  at 
right  angles  to  the  horizon- 
tal plane,  the  vertical  plane 
being  also  parallel  to  the 
edges  E F and  H G of  the 
frustum  shown  in  Fig.  GO. 

The  drawing  would  then 
look  like  Fig.  GG.  Here  the  trapezoid  A B F E represents 
the  side  A B F E of  the  frustum;  the  altitude  of  the  trape- 
zoid being  the  same  as  the  altitude  of  the  frustum,  it  can 
be  measured  directly.  The  hole  cannot  be  seen  when  tiie 
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observer  looks  at  the  frustum  in  this  position;  hence,  it 
is  indicated  by  dotted  lines  The  projections  of  the  lines 
A B and  D C (also,  of  E F and  H G,  of  A E and  D H , and 
of  B F and  C G coincide. 

To  draw  the  side  view  (sometimes  called  a side  eleva- 
tion), imagine  the  frustum  to  be  revolved  around  on  its  axis 
90°  to  the  left,  and  then  draw  it 
in  precisely  the  same  manner  as 
the  front  elevation,  by  projecting 
the  different  lines  upon  a plane 
at  right  angles  to  the  horizontal 
plane,  and  perpendicular  to  the 
edges  E F and  H G,  that  is,  par- 
allel to  B C and  FG.  The  side 
elevation  would  then  be  drawn  as 
shown  in  Fig.  67.  In  this  view  the  lines  A D and  B C 
(also,  EH  and  EG,  DH  and  C G,  and  A E and  BE) 
coincide. 

42.  In  order  to  show  clearly  the  different  views,  and  to 
guard  against  one  view  being  mistaken  for  another,  they  are 
always  arranged  on  the  drawing  in  a certain  fixed  and  inva- 
riable manner.  Fig.  68  shows  this  method  of  arrangement. 
The  plan  is  drawn  first,  then  the  two  elevations.  It  is  usu- 
ally immaterial  which  of  these  views  is  drawn  first,  but  the 
general  arrangement  is  as  shown.  Any  departure  from  this 
method  of  arrangement  should  be  distinctly  specified  on  the 
drawing  in  writing,  unless  the  purpose  of  the  draftsman  is 
so  clearly  evident  that  no  explanation  is  needed.  The  broken 
and  dotted  lines  are  the  center  lines;  they  serve  to  show 
the  connection  existing  between  the  different  views  of  the 
object,  and  to  indicate  axes  of  cylindrical  surfaces  of  any 
kind.  It  will  be  noticed  that,  in  the  plan  view,  the  two  cen- 
ter lines  cross  each  other  at  right  angles,  and  that  their  point 
of  intersection  0 is  the  center  of  the  circle  which  represents 
the  hole.  Whenever  a circle  is  drawn,  two  center  lines 
should  also  be  drawn  through  its  center  at  right  angles  to 
each  other;  this  enables  any  one  locking  at  a drawing  to 
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instantly  locate  the  center  of  any  circle.  This  remark  also 
applies  to  ellipses,  semicircles,  etc. 

To  draw  the  frustum  as  shown  in  the  last  figure,  either  the 
front  elevation  or  the  plan  is  drawn  first — whichever  happens 
to  be  more  convenient.  Suppose  the  front  elevation  to  be 
drawn  first.  Draw  the  vertical  center  line  in  n ; measure  the 
altitude  of  the  frustum,  and  lay  it  off  on  this  line,  locating 


rn 


the  points  / and  K\  through  these  points,  draw  the  lines  A B 
and  EF  perpendicular  to  inn ; make  A I = IB  — \A  B, 
measured  on  the  frustum;  also  E K — K F = \EF , meas- 
ured on  the  frustum,  and  draw  A E and  B F.  Lay  off  the 
radius  of  the  circular  hole  on  both  sides  of  the  center  line  in  n, 
and  draw  the  dotted  lines  parallel  to  inn  through  the  extrem- 
ities of  these  radii  to  represent  the  hole.  The  front  eleva- 
tion is  now  complete.  To  draw  the  plan,  decide  where 
the  center  is  to  be  located  on  in  n,  and  draw  the  horizontal 
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center  line  pq.  With  the  point  of  intersection  0 of  the  two 
center  lines  as  a center,  and  with  a radius  equal  to  the  radius 
of  the  hole,  describe  a circle.  Through  the  points  A,  B,  E , 
and  F , draw  indefinite  straight  lines  parallel  to  7H  n.  On  both 
sides  of  the  center  line  p q,  lay  off  on  these  lines  D S and 
S A,  equal  to  \D  A,  and  H R and  R E,  equal  to  t HE,  both 
DA  and  HE  being  measured  on  the  frustum.  Through  the 
points  H , E,  D,  andM,  draw  the  lines  II G,  E F,  D C,  and 
A B,  and  join  the  points  II  and  D,  E andM,  F and  B,  and 
G and  C by  straight  lines,  as  shown.  The  figure  thus  drawn 
will  be  the  plan. 

To  draw  the  side  elevation,  prolong  the  lines  A 7?  and  E Ft 
and  draw  the  center  line  tv  Lay  off,  on  each  side  of  tv , 
FU  and  U G equal  to  \E  G,  measured  on  the  frustum, 
and  B X and  X C equal  to  1,-  B C,  measured  on  the  frustum. 
Join  B and  F,  and  C and  G,  by  the  straight  lines  B F and 
C G,  and  draw  the  hole  dotted  as  in  the  front  elevation. 
The  drawing  is  now  complete. 

The  student  should  have  by  this  time  a good  idea  of  how 
simple  objects  may  be  represented  by  the  different  views  of 
a drawing,  and  can  now  begin  on  the  next  plate. 


DRAWING  PLATE,  TITLE  : PROJECTIONS— I. 

43.  In  making  actual  drawings  of  objects  when  the  size 
of  the  plate  is  limited,  it  is  usually  impossible  to  divide  it  up 
into  a certain  number  of  parts,  as  in  the  case  of  the  preceding 
plates,  for  the  various  figures  differ  widely  in  their  sizes. 
These  drawings  should  be  so  made  that  no  part  will  come 
nearer  than  to  the  border  line,  and  the  figures  should  be 
so  arranged  as  to  present  a pleasing  appearance  to  the  eye, 
and  not  be  scattered  aimlessly  all  over  the  drawing. 

Fig.  1 represents  a rectangular  prism  2"  long,  1 Y wide, 
and  f " thick.  The  prism  is  represented  as  if  it  were  stand- 
ing on  one  of  its  small  ends,  with  the  broad  side  towards  the 
observer.  The  elevation  ABDC  is  drawn  first;  in  this 
case,  it  will  be  a rectangle  2"  X 14L  The  top  view,  or  plan. 
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E E B A,  is  next  drawn;  this  is  a rectangle  l\n  x f",  the  side 
A B being  the  projection  of  the  front  of  the  prism,  and  the 
side  A A of  its  back.  Lastly,  the  side  elevation  is  drawn; 
this  is  another  rectangle  B E H D,  2"x\",  the  side  B D 
representing  the  projection  of  the  front  of  the  prism,  and 
the  side  B E corresponding  to  the  right-hand  end  B E of 
the  plan. 

Fig.  2 is  a wedge  standing  on  one  of  its  triangular  ends. 
It  is  the  rectangle  shown  in  Fig.  1,  cut  diagonally  through 
the  corner  from  E to  A on  the  plan.  It  will  be  noticed  that 
the  two  elevations  are  exactly  the  same  as  in  Fig.  1,  the  plan 
showing  the  difference  between  the  two  figures. 

Fig.  3 is  another  wedge,  standing  on  one  of  its  rectangu- 
lar sides,  formed  by  cutting  through  the  prism,  in  Fig.  1, 
from  A to  D.  The  plan  and  side  elevation  are  the  same  as 
in  Fig.  1.  Here,  the  front  elevation  shows  the  difference 
between  Figs.  I and  3.  The  point  D of  the  elevation  is  pro- 
jected on  the  plan  in  the  point  D,  and  the  point  opposite  D, 
perpendicular  to  the  plane  of  the  paper,  is  the  point  //, 
shown  in  all  of  the  side  elevations. 

Fig.  4 is  also  a wedge;  it  is  formed  by  cutting  through 
the  prism  in  Fig.  1 from  B to  //.  The  front  elevation  and 
plan  are  the  same  as  shown  in  Fig.  1,  the  side  elevation 
being  different.  The  pom..  //  in  the  side  elevation  opposite 
D is  here  projected  in  the  point  //of  the  plan;  the  point 
opposite  C in  the  front  elevation,  and  opposite  H in  the  side 
elevation,  is  projected  in  the  point  K of  the  plan,  the  line 
K //being  opposite  CD  in  the  plane  of  the  base. 

Fig.  5 shows  a cylinder  in  diameter  and  2"  long. 
The  side  elevation  is  not  given,  since  all  elevations  of 
a cylinder  whose  bases  are  perpendicular  to  its  axis  are 
the  same.  Either  view  may  be  drawn  first,  according  to 
convenience. 

Fig.  6 shows  a hexagonal  prism  2"  long;  the  distance 
between  any  two  parallel  sides  is  1\"-  In  this  case,  the  plan 
(a  regular  hexagon)  must  be  drawn  first.  It  is  desired  also 
that  two  of  the  parallel  sides  shall  be  horizontal.  To  draw 
the  plan  in  this  position,  with  the  dimensions  given,  choose 
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the  center  0 of  the  hexagon;  draw  two  center  lines  at  right 
angles  to  each  other,  as  m n and  p q.  With  0 as  a center, 
and  a radius  equal  to  one-half  of  the  distance  between  two 
parallel  sides  (1^"  X £ = f"),  describe  a circle.  Now,  use  the 
T square  to  draw  two  horizontal  lines  through  the  points  of 
intersection  of  this  circle  with  the  center  line  m n.  By 
means  of  the  T square  and  00°  triangle,  draw  A B and  C D 
through  0,  in  such  a manner  that  the  angles  A O q and  C Op 
each  equal  00° ; this  is  done  by  keeping  the  longer  of  the 
two  short  sides  of  the  triangle  vertical,  and  passing  the  pen- 
cil along  the  hypotenuse.  Through  E and  H,  the  points  of 
intersection  of  A B with  the  two  parallel  lines,  draw  E K 
and  H G parallel  to  C D ; and  through  F and  /,  the  points 
of  intersection  of  C D with  the  two  parallels,  draw  F G and 
K I parallel  to  A B.  This  completes  the  hexagon,  and  also 
the  plan  of  the  prism.  To  draw  the  front  elevation,  meas- 
ure off,  on  the  center  line  in  n , the  distance  J L equal  to  2", 
and  through  the  points  J and  L draw  the  two  horizontal  lines 
N e and  R f Project  the  points  K,  /,  H , and  G upon  S e,  as 
shown  by  the  dotted  lines;  and,  through  the  points  of  inter- 
section of  these  dotted  lines  with  Sc,  draw  the  vertical  lines 
SR,  ab,  c d,  and  ef , thus  completing  the  front  elevation. 
To  draw  the  side  elevation,  extend  the  lines  Sc  and  R f ’ and 
draw  the  center  line  tv.  Make  U W equal  to  1\",  which  is 
equal  to  the  distance  between  the  parallel  sides,  and  draw 
U X and  WY;  also,  M Z,  the  point  M corresponding  to  the 
point  K of  the  plan. 

Fig.  7 represents  a hexagonal  pyramid  ; the  distance 
between  two  parallel  sides  of  the  base  is  1^-",  and  the  altitude 
is  2".  As  in  Fig.  G,  the  plan  must  be  drawn  first.  Then, 
to  draw  the  front  elevation,  lay  off  01  on  the  center  line 
m n equal  to  the  altitude,  and  through  / draw  the  base  line 
A'  D' . Project  the  points  D,  E , etc.  of  the  plan  upon  A' D\ 
as  shown  by  the  dotted  lines,  and  join  them  with  the  point 
O by  the  straight  lines  A'  O,  F'  O,  E'  O,  and  D'  0 ; these 
lines  are  the  vertical  projections  of  the  edges  of  the  pyramid ; 
the  horizontal  projections  of  the  edges  are  F O,  E O,  D O, 
etc.  The  side  elevation  can  be  easily  drawn,  and  does  not 
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require  a special  description,  the  length  of  the  base  B F being 
equal  to  the  distance  between  the  parallel  sides,  or 

Fig.  8 shows  a rivet,  in  diameter,  having  a button 
head  1\"  in  diameter.  The  side  elevation  is  not  given,  since 
it  is  exactly  the  same  as  the  front  elevation.  Either  of  the 
two  views  may  be  drawn  first,  according  to  convenience. 
Suppose  that  the  elevation  is  first  drawn.  Draw  the  center 
line  in  n , and  the  line  A B for  the  base  of  the  head.  On  the 
center  line  lay  off  from  the  line  A B,  or  the  base  of  the  head, 
a point  O,  at  a distance  of  i|",  the  height  of  the  head.  With 
the  compasses  set  to  a radius  of  fi",  and  from  a point  on 
the  center  line  m n,  describe  an  arc  A O B,  taking  care  to 
pass  this  arc  through  the  point  O.  Lay  off  from,  and  on 
both  sides  of,  the  centerline  inn  a distance  of  T7¥",  or  \ of 
the  diameter  of  the  rivet,  and  draw  E G and  F H.  Draw 
the  other  center  line  p q of  the  plan,  and,  with  0 as  a center, 
and  a radius  equal  to  the  radius  of  the  button  head,  describe 
a circle.  With  the  same  center,  and  a radius  equal  to  t7q-", 
describe  the  dotted  circle,  the  horizontal  projection  of  the 
rivet.  The  irregular  line  G H indicates  that  only  a part  of 
the  rivet  is  shown.  This  is  done  so  as  not  to  take  up  too 
much  space  on  the  drawing. 

Fig.  9 shows  an  ordinary  square-headed  bolt  in  diam- 
eter, having  a head  If"  square  and  -j-f"  thick.  Draw  the 
center  lines  in  n and  p q.  Construct  the  rectangle  A B F)  C, 
If"  X yf ",  the  elevation  of  the  head.  Locate  the  points  E 
and  A at  a distance  of  T7g " from  each  side  of  the  center  line, 
and  draw  E G and  F PI.  With  the  compasses  set  to  a radius 
of  1 1"  and  from  a point  on  the  center  line  in  n,  describe  the 
arc  representing  the  chamfering  of  the  head.  Draw  the 
plan  of  the  head  LK BA  (a  square  whose  edge  measures 
If"),  and  the  dotted  circle  in  diameter,  the  projection  of 
the  body  of  the  bolt,  which  cannot  be  seen  in  this  view. 

Fig.  10  shows  a distance  piece  used  to  separate  two 
other  parts,  and  to  keep  them  a certain  distance  apart.  The 
arrangement  of  the  views  of  this  figure  is  somewhat  differ- 
ent from  the  preceding  ones,  in  order  to  make  room  for  it 
on  the  drawing.  Draw  the  center  line  ii  in , and  construct 
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the  figure  according  to  the  dimensions  marked  on  the  plate. 
Use  a radius  of  for  the  fillets  at  A,  B,  C,  and  D , and  an 
equal  radius  to  round  the  corners  at  A,  F,  G,  and  H. 

Fig.  11  shows  a square  east-iron  waslxer.  Instead  of 
making  an  elevation  and  plan  as  usual,  a section  is  taken 
through  pq\  that  is,  the  washer  is  imagined  to  be  cut  on 
the  line  p q , with  all  that  part  of  the  figure  to  the  left  of  p q 
removed,  and  an  elevation  drawn  of  the  remaining  part.  In 
order  to  distinguish  a sectional  drawing  without  any  possi- 
bility of  mistake,  the  so-called  section  lines  are  employed. 
These  are  usually  drawn  by  laying  a 45°  triangle  against  the 
edge  of  the  T square,  and  drawing  a series  of  parallel  lines 
as  nearly  equally  distant  apart  as  can  be  judged  by  the  eye. 
For  cast  iron,  these  lines  are  full,  thin  lines,  all  of  the  same 
thickness,  and  must  not  be  drawn  too  near  together.  The 
method  of  sectioning  for  other  materials  will  be  given  later 
on.  It  is  not  usual  to  draw  the  section  lines  in  pencil,  but 
to  wait  until  the  outlines  of  the  drawing  have  been  inked  in, 
and  then  section  directly  with  the  drawing  pen.  The  short- 
est distance  apart  of  the  section  lines  should  rarely  be  less 
than  T\",  unless  the  drawing  is  of  such  small  dimensions  as 
to  cause  a sectioning  of  this  width  to  look  coarse.  This  is 
the  case  with  Figs.  11  and  12  of  this  plate.  -In  these  two 
figures  make  the  section  lines  a full  apart.  Only  that 
part  of  the  figure  is  sectioned  which  is  touched  by  the  cutting 
plane,  the  rest  of  the  figure  being  drawn  as  if  it  were  pro- 
jected upon  the  cutting  plane.  The  corners  of  this  figure 
should  be  rounded  with  a radius  of  yL" ; the  other  dimensions 
can  be  obtained  from  the  plate. 

Fig.  12  is  a cast-iron  cylindrical  ring.  It  is  shown  in 
plan  and  section.  The  dimensions  given  suffice  for  the 
drawing  of  the  figure  without  further  explanations.  The 
inner  circle  of  plan  is  the  projection  of  the  innermost  points 
of  the  ring  which  form  a circle  whose  diameter  is  A B. 

44.  When  inking  in  a drawing,  it  is  generally  best  to 
draw  the  circles  and  other  curved  lines  first,  and  the  straight 
lines  afterwards.  This  enables  the  draftsman  to  easily  blend 
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into  one  line  the  straight  lines  meeting  the  curves,  so  that 
their  points  of  meeting  cannot  be  detected;  it  enables  the 
tangent  lines  to  be  drawn  with  better  success,  and  also 
shortens  the  time  of  inking  in  a drawing.  It  will  be  noticed 
that  some  of  the  straight  lines  are  heavy  and  some  light, 
and  that  parts  of  the  full-line  circles  are  heavy  and  the  rest 
of  the  circle  light.  These  are  the  shade  lines;  they  are 
described  later  on.  The  student  may  make  all  of  the  full 
lines,  except  the  border  lines  of  this  plate  and  the  three 
following  plates,  of  the  same  thickness,  if  he  so  desires. 
The  dotted  lines  used  to  indicate  those  parts  of  the  figures 
that  are  hidden  must  be  of  the  same  thickness  as  full  lines, 
while  the  construction  lines  and  center  lines  should  be 
very  thin. 


45.  Dimensions. — The  dimension  lines  and  figures  on 
this  and  succeeding  plates  are  to  be  inked  in  by  the  student. 
Make  the  dimension  figures  high,  and  of  the  same  style 

as  those  shown  in  Art.  20.  Fractions  should  be  high 

over  all.  If  there  is  not  room  for  figures  of  this  size,  great 
care  should  be  taken  to  make  them  clear. 

Until  after  the  student  has  obtained  sufficient  practice  in 
lettering,  he  should  draw  guide  lines  in  pencil  for  the  dimen- 
sion figures,  as  in  Fig.  G9,  unless  he  can  make  them  look 

well  without.  All  the 
figures  should  have  the 
same  slant  of  G0°,  and, 
when  printing  frac- 
tional dimensions,  the 
whole  fraction  should 
have  the  same  slant  as 
the  figures;  that  is,  the 
denominator  should  be 
under  the  numerator  in 
a slanting  direction,  and  not  straight  below  it.  Make  the 
dividing  line  between  the  numerator  and  denominator  hori- 
zontal, not  slanting. 

Dimension  and  extension  lines  must  be  light,  broken  lines 
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Bight- 


Wrong — 


Fig.  70. 


of  the  same  thickness  as  the  center  and  construction  lines. 
Care  should  be  exercised  to  make  the  arrowheads  as  neatly 
as  possible  and  of  a uniform  size.  They  are  made  with  a 
Gillott’s  No.  3U3  pen,  and  their  points  must  touch  the  exten- 
sion lines,  as  illustrated  in 
Fig.  70.  Do  not  make  arrow- 
heads too  flaring. 

When  putting  in  the  dimen- 
sions, care  should  be  taken  to 
give  all  that  would  be  needed 
to  make  the  piece  which  the 

drawing  represents,  but  do  not  repeat  the  same  dimension 
on  different  views.  Thus,  in  Fig.  1 of  this  plate,  the  length 
is  given  in  the  front  elevation  as  2",  and  it  is  obviously 
unnecessary  to  give  the  same  dimension  in  the  side  elevation. 
Again,  the  dimension  lines  should  be  put  where  they  would 
be  most  likely  to  be  looked  for.  In  Fig.  10  of  this  plate,  the 
diameter  of  the  central  part  of  the  distance  piece  is  marked 
j Y in  the  elevation;  it  could  have  been  marked  on  the  side 
elevation,  as  the  diameter  of  the  dotted  circle,  but  a person 
wishing  to  find  the  size  of  this  part  of  the  piece  would  natu- 
rally look  for  it  in  the  front  elevation.  This  is  also  true  of 
the  diameter  of  the  flange.  The  diameter  of  the  hole  could 
be  on  the  plan  or  elevation,  but  it  is  put  on  the  plan  because 
it  is  denoted  there  by  a full  line,  while  in  the  elevation  the 
hole  is  dotted.  Never  cross  one  dimension  line  by  another, 
if  it  can  well  be  avoided.  Thus,  in  Figs.  2 and  4 of  this  plate, 
the  bounding  lines  of  the  triangular  views  are  extended  by 
fine  broken  lines,  in  order  that  the  dimension  lines  (§")  may 
not  cross  the  lines  marking  the  length  and  width  of  the 
wedge. 

The  student  should  ink  in  all  of  the  figures  used  for 
dimensions  shown  on  this  and  succeeding  plates,  on  his 
drawing,  but  should  omit  the  letters  used  to  describe  the 
different  objects.  The  titles  should  be  made  in  block 
letters  as  shown  on  sample  copies.  The  date,  name,  course 
letter,  and  class  number  are  to  be  put  on  as  in  the  pre- 
ceding plates. 
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DRAAVING  PLATE,  TITLE:  PROJECTION S— II. 

46.  The  figures  on  the  last  plate  were  drawn  under  the 
supposition  that  the  center  lines,  and  at  least  one  flat  side, 
were  parallel  to  the  plane  of  the  paper;  the  center  lines  were 
also  either  vertical  or  horizontal.  This  is  always  possible  in 
detail  drawings,  where  each  piece  is  drawn  separately  by 
itself,  but  in  the  case  of  machines,  where  the  parts  are 
placed  at  different  angles,  they  cannot  always  be  drawn  in 
this  manner.  The  figures  on  this  plate  are  so  drawn  that 
they  show  objects  similar  to  those  in  the  last  plate,  but  at 
different  angles.  The  student  should  exercise  particular 
care  to  understand  this  plate  and  the  two  succeeding  ones;  if 
he  thoroughly  masters  them,  he  should  experience  no  great 
difficulty  in  the  plates  that  follow. 

Fig.  1 shows  a rectangular  prism  2f"  long,  2"  wide,  and 
1"  thick,  standing  in  a perpendicular  position  on  one  of  its 
small  ends  in  such  a manner  that  the  broad  sides  make  an 
angle  of  30°  with  a horizontal  line.  Draw  the  plan  first.  To 
do  this,  construct  the  rectangle  A BCD  2"Xl",  with  the 
parallel  edges  A B and  D C making  an  angle  of  30°  with 
the  horizontal;  this  may  be  done  by  holding  the  head  of  the 
T square  against  the  left-hand  end  of  the  board,  and  using 
the  60°  triangle.  To  construct  the  front  elevation,  draw  a 
horizontal  line  A'  C',  and  project  A upon  this  line,  thus 
obtaining  the  point  A'.  Draw  A'  Ti  perpendicular  to  A ' C' , 
and  make  it  equal  in  length  to  2|",  the  length  of  the  prism. 
Through  E draw  E G.  Project  the  points  B and  C rqxrn 
A'  C\  and  draw  B'  A and  C G.  The  back  edge  D'  II of  the 
prism  is  not  seen,  and,  hence,  its  position  is  indicated  by  the 
dotted  line  D'  II. 

The  side  elevation  can  be  drawn  in  a similar  manner  by 
projecting  the  points  A B CD  upon  a vertical  line,  as  I L. 
Produce  A'  C'  and  E G , and  make  B'  D'  equal  to  I L.  Now 
use  the  spacing  dividers,  and  set  off  B'  C equal  to  I C\  and 
B'  Ar  equal  to  IK.  Through  B',  C\  A',  and  D',  draw  the 
vertical  lines  B'  F,  C'  G,  A' E,  and  D'  H,  drawing  A' E 
dotted,  because,  when  looking  at  the  prism  in  the  direction 
of  the  arrow,  the  edge  A'  E is  not  seen. 
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Fig.  2 is  the  same  prism  shown  in  Fig.  1,  but  in  a differ- 
ent position.  The  two  broad  sides  are  parallel  to  the  plane 
of  the  paper,  and  the  prism  is  tipped  in  such  a manner  that 
the  base  makes  an  angle  of  100°  with  the  horizontal.  The 
elevation  must  be  drawn  first.  To  do  this,  draw  a horizontal 
line;  then,  by  using  the  protractor,  draw  the  line  E F,  making 
an  angle  of  160°  with  the  horizontal,  reckoning  from  right 
around  to  the  left,  opposite  to  the  motion  of  the  hands  of 
a clock.  Make  EF  equal  in  length  to  2",  and  on  it  con- 
struct the  rectangle  E FB  A,  2§"x2";  it  will  be  the  vertical 
projection  or  front  elevation  of  the  prism.  The  method  of 
drawing  the  plan  and  side  elevation  is  apparent  without  fur- 
ther explanation. 

Fig.  3 is  the  same  prism  shown  in  Figs.  1 and  2,  but 
with  the  narrow  sides  parallel  to  the  plane  of  the  paper,  and 
tipped  until  the  base  makes  an  angle  of  17|°  with  the  hori- 
zontal. The  sizes  are  the  same  as  in  the  two  preceding  fig- 
ures, and  it  should  be  drawn  without  further  explanation, 
the  front  elevation  being  drawn  first. 

Fig.  4 shows  a hexagonal  prism  having  two  of  its  paral- 
lel sides  parallel  to  the  plane  of  the  paper,  and  its  axis 
vertical;  instead  of  a side  elevation  at  right  angles  to  the 
horizontal,  a side  elevation  is  desired  as  if  the  vertical  prism 
were  looked  at  in  the  direction  of  the  arrow,  or  at  an  angle 
of  30°  with  the  horizontal.  Draw  the  plan  first  and  then  the 
front  elevation  from  the  dimensions  given.  To  draw  the 
other  view,  first  draw  the  center  line  in  n,  and  then,  by  use 
of  the  T square  and  30°  triangle,  draw  the  lines  A B,  CD , 
E F,  and  G H , from  the  points  A,  C,  E,  and  G , as  shown. 
Also  draw  in  a similar  manner  the  other  four  dotted  lines  at 
the  base  of  the  prism;  then  draw  the  line//?  at  a right 
angle  to  the  lines  A B,  CD , etc.  At  the  point  /,  draw  the 
line  IJ  parallel  to  the  center  line  inn , and,  with  / as  a cen- 
ter, and  the  points  B,  D , F,  H,  K,  L , etc.  as  radii,  describe 
arcs,  as  shown,  cutting  the  vertical  line//  at  the  points 
J,  M,  N,  O , P,  Q,  etc.  Through  the  points  J,  M,  N,  O, 
P,  Q,  etc.,  draw  horizontal  lines  as  shown.  On  each  side  of  the 
vertical  center  line  in  n,  lay  off  a distance  of  £",  or  one-half  the 
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distance  between  the  parallel  sides  of  the  prism,  which  is 
1\" , as  shown  in  the  plan,  and  draw  the  lines  R S and  T U. 
This  view  is  then  completed  by  drawing  the  lines  V R,  V 1] 
IV X,  and  YX,  as  shown.  The  lines  at  the  base  are  drawn 
in  a similar  manner. 

Fig.  5 represents  a hexagonal  pyramid  whose  axis  is 
parallel  to  the  plane  of  the  paper,  the  base  making  an  angle 
of  30°  with  the  horizontal.  It  is  desired  to  find  the  vertical 
projection  of  the  side  elevation.  Having  drawn  the  plan, 
A B C D E F,  and  the  side  elevation,  O'  A ' B'  C'  D' , as  shown 
from  the  dimensions  marked  on  the  drawing,  choose  the 
position  of  the  vertical  center  line  tv;  project  O'  and  O'" 
upon  it  in  the  points  O"  and  (9IV,  and,  through  Ow  and  O'", 
draw  a fourth  center  line  r s.  On  this,  lay  off  Olv  G'  and 
0,v  IB  equal  to  O G and  0 II,  and  construct  the  projection 
A " B"  C"  D"  E"  F" , as  indicated  by  the  broken  and  dotted 
lines.  Join  O"  E" , O"  F" , etc.  by  straight  lines,  and  it  will 
be  the  required  projection.  The  figure  thus  drawn  repre- 
sents the  pyramid  as  it  would  appear  placed  so  that  its  base 
made  an  angle  of  30°  with  the  horizon,  the  line  of  vision 
being  horizontal  to  the  observer  looking  at  it  from  the 
left  side. 

Fig.  6 shows  a cylinder  whose  axis  is  parallel  to  the 
plane  of  the  paper  and  makes  an  angle  of  77°  with  the  hori- 
zontal. The  vertical  side  projection  is  required.  Draw  the 
plan  and  front  projection  as  shown  from  the  dimensions 
given.  Draw  the  center  line  tv  vertical,  and  project  the 
center  O'  upon  it  in  O" ; also,  A'  in  A",  and  H'  in  H" . To 
find  the  remaining  points  on  the  projected  circle,  divide  the 
diameter  A II  of  the  plan  into  a convenient  number  of  equal 
parts,  in  this  case  7,  as  A 1,  1-2,  2-3 , etc.  Through  the 
points  thus  laid  off,  draw  the  lines  1-1" , 2-2",  3-3" , etc., 
parallel  to  the  center  line  m n.  Through  the  points  A',  1", 
2",  3 ",  etc.,  draw  the  horizontal  lines  as  shown  by  the  dotted 
lines.  From  and  on  each  side  of  the  vertical  center  line  tv, 
lay  off  distances  on  each  side  of  the  horizontal  lines  just 
drawn  equal  to  the  length  of  that  part  of  the  lines  1-1", 
2-2 ",  3-3",  etc.  included  between  the  center  line  pq  and 
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the  semicircle  A C H\  thus,  on  the  horizontal  line  drawn 
through  the  point  O',  the  distances  O"  C"  and  O"  D"  are 
each  equal  to  O C in  the  plan.  The  distances  iiv  1-"  and 
iIV  -lv  are  each  equal  to  the  distance  from  1 to  the  point  of 
intersection  of  the  semicircle  on  the  line  1-1".  The  remain- 
ing distances  are  laid  off  in  a similar  manner.  A curve 
traced  through  the  points  thus  found  will  be  the  required 
projection  of  the  upper  base  of  the  cylinder.  The  pro- 
jection of  the  lower  base  is  found  in  exactly  the  same  way. 
Drawing  C"  E'  and  D"  F'  completes  the  required  projection. 


DRAWING  PLATE,  TITLE:  CONIC  SECTIONS. 

47.  This  plate  shows  the  different  forms  of  the  curves 
formed  by  the  intersection  of  a cone  or  cylinder  by  a plane. 
If  the  plane  of  intersection  is  perpendicular  to  the  axis  of  the 
cone  or  cylinder,  the  curve  of  the  intersection  will  be  a 
circle;  but,  if  it  is  inclined  to  the  axis,  it  will  be  an  ellipse 
in  the  case  of  a cylinder,  and  an  ellipse,  hyperbola,  or 
parabola  in  the  case  of  a cone,  according  to  the  angle  of 
inclination. 

Fig.  1 is  a cone  cut  t>y  a plane  which  docs  not  intersect 
the  base  of  the  cone.  When  the  cutting  plane  does  not  inter- 
sect the  base , no  matter  how  much  the  cone  may  be  extended, 
the  curve  of  intersection  is  an  ellipse. 

Draw  the  plan  and  front  elevation  of  a right  cone  whose 
altitude  is  3I",  and  whose  base  is  3,/  in  diameter.  Cut  this 
cone  by  a plane  a b,  making  an  angle  of  52°  with  the  base. 
See  figure. 

Divide  the  circle  which  represents  the  base  of  the  cone  in 
the  plan  into  any  number  of  parts,  in  this  case  24,  and, 
through  the  points  of  division  A,  E,  H,  etc.,  draw  the  radii 
OA,  O E,  OH,  etc.  to  the  center  O.  Draw  also  from  these 
points  straight  lines  A A',  E E',  H H',  B B',  etc.,  parallel  to 
the  axis  of  the  cone  0'  n,  and  cutting  the  base  A'  B'  in  the 
points  E',  H',  etc.  From  these  points,  draw  lines  to  the 
apex  O'  of  the  cone,  and  cutting  the  base  A ' B'  in  points 
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E' , H' , etc.  From  these  points,  draw  lines  to  the  apex  O' 
of  the  cone,  as  E'  O' , H'  O',  etc. , cutting  the  plane  a b in  the 
points  D' , F' ',  etc.  From  these  points  D' ',  F' , etc.,  draw 
straight  lines  A'  FA,  D'  D D" , etc.,  parallel  to  the  axis  O'  n 
of  the  cone,  and  intersecting  the  radii  0 A,  O E,  OH,  OB, 
etc.  in  the  points  C,  D,  F,  K,  F" , D" , etc.,  and  through 
these  points  of  intersection,  draw  the  ellipse  by  aid  of  an 
irregular  curve. 

Fig.  2 is  a cone  of  the  same  size  as  in  the  preceding 
problem ; but  the  cutting  plane  a b is,  in  this  case,  parallel  to 
one  of  the  elements  * of  the  cone,  and  intersects  the  base. 
The  curve  formed  by  the  intersection  of  a cone  by  a plane 
parallel  to  one  of  its  elements  is  called  a parabola.  The 
plan  and  front  elevations  of  the  cone  and  curve  of  intersec- 
tion are  found  in  a manner  similar  to  the  method  used  in  the 
last  problem.  To  find  the  side  elevation,  proceed  as  follows: 
Draw  the  side  elevation  O"  A"  B"  of  the  cone  with  the  center 
line  t v as  its  axis.  Draw  the  projection  lines  F'  F’"  F™ , 
D'  D'"  LF,  etc.,  and  make  K'  F'"  and  K'  Flv  equal  to  KF 
and  KF"-,  make  I’  D'"  and  F Diy  equal  to  ID  and  IF) ", 
etc. , and  trace  a curve  through  the  points  thus  found.  The 
result  will  be  the  side  elevation  of  the  cone  when  cut  by  a 
plane  parallel  to  one  of  its  elements  and  having  the  upper 
part  removed.  The  side  elevation  of  Fig.  1 may  be  drawn 
in  a similar  manner. 

Fig.  3 is  a cone  having  the  same  dimensions  as  the  two 
preceding  problems,  but  cut  by  a plane  a b parallel  to  the 
axis  of  the  cone  and  perpendicular  to  the  vertical  plane  of 
projection.  When  the  cutting  plane  intersects  the  base  of  a 
cone  and  is  not  parallel  to  any  element  (that  is,  if  the  acute 
angle  included  between  the  cutting  plane  and  the  base  is 
greater  than  the  angle  O'  A'  B'  included  between  any  one 
element  and  the  base),  the  curve  of  intersection  is  called  a 
hyperbola. 

The  plan  and  front  elevation  are  constructed  as  before,  the 

* Any  straight  line  drawn  on  the  surface  of  a cone  and  passing 
through  the  apex  (as  O'  H' , Fig.  1,  or  O'  A',  Fig.  2,  etc.)  is  called  an 
element. 
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horizontal  projection  of  the  curve  for  this  particular  case, 
where  the  cutting  plane  is  parallel  to  the  axis  of  the  cone,  is 
also  a straight  line.  The  side  elevation  is  found  as  in  the 
last  problem,  by  drawing  the  lines  of  projection  F F'"  Fiy , 
D'  D'"  DIX,  etc.,  and  making  I'  D'"  and  I'  D IV  equal  to  ID 
and  ID ",  K'  F"  and  K'  Flx,  equal  to  IF  and  I F",  etc.  The 
curve  drawn  through  the  points  thus  found  will  be  the 
required  hyperbola. 

Fig.  4 shows  the  intersection  of  a cylinder,  3f"  long 
and  2"  in  diameter,  by  a plane  a b,  making  an  angle  of  57° 
with  the  base.  The  plan  and  elevation  may  be  drawn  as 
shown,  the  horizontal  projection  of  the  curve  being  a circle, 
having  the  same  diameter  as  the  base.  To  construct  the 
side  elevation  of  the  curve,  divide  the  circle  representing  the 
base  of  the  cylinder  in  the  plan  into  any  number  of  parts,  in 
this  case  24,  and  through  the  points  of  division  A,  B,  C,  etc., 
draw  the  radii  0 A,  OB,  0 C,  etc.,  to  the  center  0.  Draw 
also  from  these  points  straight  lines  A A,  LBB',  KCC\ 
I D D',  etc.,  parallel  to  the  axis  in  n of  the  cylinder,  and  cut- 
ting the  base  in  the  elevation.  From  the  points  A,  B' , C' , D\ 
etc.,  draw  lines  D'  E' , Cf  F , B'  Gr , etc.,  at  right  angles  to 
the  axis  in  n.  Make  I'  E and  I'  E'  each  equal  to  ID;  Kr  F 
and  K'  F each  equal  to  A'  C ; L'  G and  L' G'  each  equal  to 
L B,  etc.  The  curve  drawn  through  these  points  will  be 
the  side  projection,  or  side  elevation,  of  tne  curve  of 
intersection. 


DRAWING  PLATE,  TITLE:  INTERSECTIONS  AND 
DEVELO  PMENTS. 

48.  On  this  plate  some  dimensions  are  given  in  decimal 
fractions  instead  of  common  fractions.  Such  decimal  dimen- 
sions should  be  laid  off  with  a decimal  scale,  if  the  student 
has  one.  A decimal  scale  is  a scale  with  inches  divided  into 
tenths,  hundredths,  etc.  If  the  student  has  no  decimal  scale 
(and  such  a scale  is  not  essential),  he  should  take  the  nearest 
value  of  the  decimal  fraction  in  thirty-seconds  of  an  inch. 

To  change  a decimal  fi action  to  a common  fraction,  hav- 
ing a desired  denominator,  multiply  the  decimal  by  the 
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desired  denominator  of  the  common  fraction,  and  express 
the  result  as  a whole  number,  which  whole  number  will  be 
the  numerator  of  the  fraction. 

Thus,  to  express  .765"  in  fourths,  we  have  .765x4  = 3.06 
fourths  = say  f-".  To  express  . 765"  in  sixteenths,  we  have 
.765X  16  = 12.24  sixteenths  = say  f£".  To  express  .765" 
in  thirty- seconds,  we  have  .765x32  = 24.48  thirty-seconds 
= say  |f". 

The  length  of  the  circumference  of  a circle  = the  diam- 
eter X 3. 1416 ; hence, 

The  length  of  circumference  of  a circle  whose  diameter  is 
If"  = 3.1416  X If"  = 4.32"  = 4T5/. 

The  length  of  circumference  of  a circle  whose  diameter  is 
If"  = 3. 1416  X If"  = 4.71"  = 4ff". 

The  length  of  circumference  of  a circle  whose  diameter  is 
If"  = 3.1416  X If"  = 3.93"  = 3ff". 

The  length  of  circumference  of  a circle  whose  diameter  is 
1//  = 3.1416  XlfV"  = 4.9". 

4. 9"-f-  2 = 2,45"  = 2t7/  (see  Fig.  10). 

49.  This  plate  deals  with  the  intersection  of  surfaces 
and  their  development.  Fig.  1 shows  the  intersection  of 
two  unequal  cylindrical  surfaces  whose  axes  pq  and 
in  n intersect  at  right  angles.  Their  dimensions  are  given  in 
the  figure.  For  the  sake  of  convenience,  a bottom  view  is 
given,  instead  of  a top  view,  as  usual.  First  draw  the  front 
elevation,  omitting,  of  course,  the  curve  of  intersection 
E Q G D C B A,  which  must  be  found.  Then  draw  the  side 
elevation  and  the  bottom  view,  as  shown.  Divide  the  circle 
which  represents  the  side  projection  of  the  cylindrical  sur- 
face F E A 1 into  any  convenient  number  of  parts,  in  this 
case  12,  and  draw  the  projection  lines  7 E,  6 Q,  5 G,  1/.D, 
3 C,  2 B,  and  1 A parallel  to  the  axis  p q.  Also  draw  the 
projection  lines  f-f',  3-3',  2-2',  1-1',  etc.  parallel  to  the 
axis  t v.  Choose  a convenient  point  O,  and  through  it  draw 
two  lines  O I and  O K parallel  to  the  axes  p q and  in  n of  the 
cylinders.  Continue  the  lines  1/.-E,  3-3',  etc.  downwards, 
until  they  cut  01  in  8,  7,  6,  5,  etc.  Now  make  08'  = 08, 
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07'  = 0 7,  etc.;  this  may  be  most  conveniently  done  by 
taking  O as  a center,  and  describing  arcs  of  circles  with  radii 
equal  to  08,  07,  06,  etc.,  cutting  OK  in  8 ',  7',  6',  etc. 
Through  8\  7',  6',  etc.,  draw  the  lines  8' D' , 7'  C , 6'  B' , etc., 
parallel  to  the  center  line  r s.  Through  the  points  D',  C', 
B' , and  A',  draw  the  lines  D'  D,  C'  G,  and  B'  Q,  parallel  to 
the  center  line  in  n,  and  intersecting  the  lines  / D,  5 G,  6 Q, 
3 C,  and  2 B in  the  points  D,  G,  Q,  etc.  The  curve  traced 
through  these  points  will  be  the  front  elevation  of  the  curve 
of  intersection  of  the  two  cylindrical  surfaces. 

Fig.  2 shows  the  intersection  of  two  equal  cylindrical 
surfaces  at  right  angles  to  each  other,  as  in  the  case  of  a 
pipe  elbow.  When  two  cylinders  having  equal  diameters 
intersect,  and  their  axes  also  intersect , the  front  elevation  of 
the  curve  of  intersection  is  always  a straight  line,  no  matter 
what  angle  the  two  axes  make  with  each  other. 

Fig.  3 shows  a symmetrical  three -jointed  elbow  formed 
by  the  intersection  of  three  cylindrical  surfaces.  The  diam- 
eter of  each  of  the  three  surfaces  is  1\".  The  center  lines  of 
the  surfaces  R /l  G S and  M N PH  are  to  be  at  right  angles 
to  each  other;  then,  in  order  that  the  arrangement  shall  be 
symmetrical,  the  center  line  of  the  third  surface  A M 11  G 
must  make  an  angle  of  45°  with  the  center  lines  of  the 
other  two. 

To  construct  the  elevation  as  shown  in  the  figure,  draw 
the  two  center  lines  inn  and  pq  at  right  angles  to  each 
other;  they  intersect  at  6.  Lay  off  61—  l\"  and  draw  an 
indefinite  line  R S through  I perpendicular  to  in  n.  Make 
IR  equal  to  IS  = 1-i-X^  = f",  and  draw  R A and  SG 
parallel  to  inn.  Draw  OK  parallel  to  inn  and  below  it. 
Through  the  point  O,  where  R S and  O K intersect,  draw 
O T passing  through  6,  and  bisect  the  angle  R O T by  the 
line  O A,  which  intersects  RA  and  S G in  A and  G.  Lay 
off  6 J — 2 and  draw  PJ N perpendicular  to  pq.  Make 
J P — J N — If  — £",  and  draw  PH  and  N M parallel 
to  pq.  Draw  O M so  as  to  bisect  the  angle  T O K\  01/ 
intersects  PH  and  N M in  11  and  11.  Finally,  draw  A 11 
and  G H. 
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Fig.  4 shows  the  intersection  of  two  unequal  cylindrical 
surfaces  whose  axes  intersect  at  an  angle  of  65°  instead  of 
90°,  as  in  Fig.  1.  The  method  of  finding  the  curye  of  inter- 
section is  in  all  respects  similar  to  that  used  in  Fig.  1,  and, 
as  the  corresponding  points  have  been  given  the  same  letters 
or  figures,  the  directions  given  for  Fig.  1 can  be  applied  to 
Fig.  4 also. 

Fig.  5 shows  a cylindrical  piece  of  iron  2-j-f"  in  diam- 
eter that  has  been  gradually  turned  down  to  l^g"  diameter, 
and  then  having  the  larger  part  flattened  on  two  sides.  The 
large  and  small  parts  of  the  piece  are' connected  by  a grace- 
ful curve.  The  problem  is  to  find  the  curve  of  intersection 
A 12  S B formed  by  the  flattening.  Draw  the  plan  and  front 
elevation  from  the  dimensions  given;  also  draw  the  curve 
C 6'  5'  If.' , and  its  equal  on  the  opposite  side,  so  that  they  look 
to  the  eye  about  as  seen  in  the  drawing.  In  order  that  all 
the  work  sent  to  us  may  be  alike,  the  radius  of  this  curve 
and  the  position  of  the  center  have  been  given  on  the  draw- 
ing. To  locate  the  center,  draw  an  indefinite  horizontal 
straight  line,  1"  — 2T1g//  above  the  base  of  the  piece; 

and  with  C and  D as  centers,  and  a radius  of  11",  describe 
short  arcs  cutting  the  line  just  drawn.  The  points  of  inter- 
section will  be  the  required  centers.  With  O as  a center, 
and  radii  of  convenient  lengths,  as  O If.,  05 , 0 6,  etc., 
describe  arcs  cutting  A' B'  in  S',  2',  1' , etc.  Through  the 
points  B 5,  6,  etc.,  draw  the  lines  U~B , 5-5' , 6-6',  etc.,  paral- 
lel to  the  center  line  m n,  and  intersecting  the  curve  C B in 
B,  5',  6',  C,  etc.  Through  the  points  A',  1',  2',  etc.,  draw 
lines  A'  A,  l'-l,  2’-2,  etc.,  parallel  to  inn  intersecting  hori- 
zontal lines  drawn  through  C,  6',  5',  B ■>  etc.,  in  A,  1,  2,  3, 
etc.  The  points  A,  1,  2,  3,  etc.  are  points  on  the  required 
curve,  and  through  them  the  curve  may  be  drawn. 

Fig.  6 is  the  cylindrical  surface  of  one  section  of  the 
elbow  17  A G of  Fig.  2 rolled  out  into  a flat  plate;  hence,  if 
a flat  plate  be  cut  into  the  same  shape  and  size  as  Fig.  G and 
bent  into  a cylinder  so  that  the  ends  1 G'  and  1'  G"  touch 
each  other,  the  vertical  projection  or  front  elevation  would 
be  the  same  as  shown  by  17 AG  in  Fig.  2.  If  a second 
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plate  were  cut  out  in  the  same  manner,  and  bent  into  a circle, 
the  two  pieces  on  being  brought  together,  as  shown  in  Fig.  2, 
would  touch  at  every  point.  The  problem  is  to  find  the 
shape  of  the  curve  G'  A'  G".  The  length  of  the  line  1-1'  is 
evidently  equal  to  the  length  of  the  circumference  of  a circle 
whose  diameter  is  If",  or  4.32",  ver}^  nearly.  Produce  the 
line  7-7,  Fig.  2,  and  make  1-1'  equal  in  length  to  4. 32". 
Divide  the  circle  123  . . . .12  into  a convenient  number  of 
equal  parts,  in  this  case  12,  and  erect  the  perpendiculars 
1 G,  2F,  3 E,  etc.,  cutting  the  line  of  intersection  GA  of 
the  cylindrical  surfaces  in  G,  F,  E , etc.  Divide  the  line  1-1' 
into  the  same  number  of  equal  parts  that  the  circle  was 
divided  into,  thus  making  the  length  1-2  equal  length  of  arc 
1-2 ; 2-3,  length  of  arc  2-3,  etc.  Through  1,  2,  3,  etc., 
draw  the  perpendiculars  1 G' , 2 F' , 3 E’ , etc.,  and  project 
the  points  G,  F,  E,  etc.,  upon  these  perpendiculars,  as 
shown,  thus  locating  the  points  G' , F' , E' , D' , C' , B',  A'  of 
the  left-hand  half  of  the  required  curve.  The  points  on  the 
right-hand  half  are  found  in  the  same  manner,  as  shown, 
and  the  required  curve  can  be  drawn  through  these  points. 

50.  A drawing  like  Fig.  G is  called  the  development  of 
the  cylindrical  surface  17  A G. 

Fig.  7 is  the  develojmient  of  the  cylindrical  surface 
AG  H M of  Fig.  3.  Make  1-1'  = 1^x3.1410  = 4.71", 
nearly,  and  divide  it  into  12  equal  parts  to  correspond  with 
the  12  equal  parts  into  which  the  dotted  circle  is  divided. 
Project  the  points  6,  5,  etc.  of  the  dotted  circle  upon  O A as 
shown,  thus  locating  the  points  B,  C,  etc.  Through  B,  C, 
etc.,  draw  B 6,  C 5,  etc.,  perpendicular  to  O T.  Make  1 G' 
= 1G'"  = 1 G,  2 F — 2 F"  = 2 F,  3 E'  — 3 E"'  =.  3 E,  etc. 
Through  G' , F,  E' , etc.,  trace  the  curve  G'  F E' . . . . G" , 
and,  through  G'" , F",  E"\  etc.,  trace  the  curve 

G" ’ F'"  E"'  ....  Gl\  Drawing  G'  G '"  and  G"  G1V  com- 
pletes the  figure. 

Fig.  8 is  the  development  of  the  cylindrical  surface 
1 F E A,  Fig.  1 . The  method  used  here  is  in  all  respects  simi- 
lar to  the  two  preceding  problems.  In  this  case,  the  distances 
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1A,  7 E,  and  lr  A'  are  all  equal  to  1 A or  El',  in  Fig.  1;  and 
2 B,  6 Q,  8 Q’,  and  12  B'  are  all  equal  to  2 B or  6 Q,  in  Fig.  1. 
The  development  of  L M BN  is  not  given,  for  want  of  room, 
but  the  method  will  be  explained  in  Fig.  10. 

Fig.  9 is  the  development  of  the  cylindrical  surface 
1FEA,  Fig.  4.  The  student  should  have  no  difficulty  in 
drawing  this,  after  having  studied  the  preceding  problems. 

Fig.  10  is  the  development  of  the  cylindrical  surface 
L M PN,  Fig.  4.  Owing  to  the  want  of  room,  only  that  half 
of  the  development  is  shown  which  contains  the  part  to  be 
cut  out.  The  length  of  a circle  lj^-"  in  diameter  is  4.9", 
nearly;  half  of  this  is  2.45".  Hence,  the  line  Y'  Y",  Fig.  10, 
which  equals  the  length  of  the  semicircle  Y'A'  Y"\  Fig.  4,  is 
2.45"  long.  The  distance  X'  Y'  = X"  Y"  equals  the  length 
of  the  cylinder,  L N or  M P.  Lay  off  X'  S equal  to  the 
length  of  the  arc  Y' D' ; SR  equal  to  the  arc  D'  C' ; RN 
equal  to  the  arc  C B' ; N M equal  to  the  arc  B'A’,  etc. 
Find  the  lengths  of  these  arcs  by  means  of  the  method 
given  in  connection  with  Fig  49.  Draw  through  these 
points  the  perpendiculars  SS',  R R',  etc.  With  the  spacing 
dividers,  set  off  S Dt  equal  to  N D in  Fig.  4;  R G,  equal  to 
R G;  N Qx  equal  to  NQ;  and  ME , equal  to  ME.  Also, 
R'  C,  equal  to  R'  C;  N ' B,  equal  to  N'  B;  and  M' A , equal  to 
PA.  In  exactly  the  same  manner,  find  the  points  on  the 
right-hand  half  of  the  curve.  If  a plate  were  cut  of  the 
same  size  and  shape  as  shown  in  Fig.  10,  and  rolled  into  a 
semicylindrical  surface,  the  diameter  of  which  is  lrV\  it 
would  exactly  fit  the  plate  cut  like  Fig.  9 rolled  into  a cylin- 
drical surface,  the  diameter  of  which  is  1^",  the  two  being 
placed  together  as  shown  in  Fig.  4. 

Fig.  11  shows  a conical  surface  cut  by  a plane,  and 
Fig.  12  shows  its  development.  Draw  the  elevation  and 
horizontal  projection  of  the  base  as  shown  in  Fig.  1 1.  Divide 
the  projected  circle  (base  of  cone)  into  a convenient  number 
of  equal  parts,  in  this  case  12,  and  project  the  points  1,  2,  3, 
etc.  on  the  base  l'-7',  thus  locating  the  points  1',  2',  S',  etc. 
Join  these  points  with  the  apex  O of  the  cone,  by  the  lines 
Ol’,  02’,  OS’,  etc,,  cutting  the  plane  in  A,  B,  C,  etc.  Now, 
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choose  a convenient  point  O,  Fig.  12,  and  with  this  as  a cen- 
ter, and  a radius  equal  to  Ol',  or  0 7',  Fig.  11,  the  slant 
height  of  the  cone,  describe  an  arc  1-1'  of  a circle.  Make 
the  Jcngth  of  this  arc  equal  to  the  length  of  the  circumfer- 
ence of  a circle  having  the  same  diameter  as  the  base  of  the 
cone.  This  may  be  conveniently  done  as  follows:  length  of 
arc  = 2x3.1416  =:  6.28",  nearly.  Draw  a straight  line  6.28" 
long  and  divide  it  into,  say,  4 equal  parts.  Describe  an  arc 
having  a radius  equal  to  O 1',  the  slant  height  of  the  cone, 
and  find  the  length  of  a part  of  this  arc  equal  to  6.28-f-4 
= 1.57"  by  means  of  the  method  described  in  connection 
with  Fig.  48.  With  the  dividers  set  for  the  chord  of  the  arc 
just  found,  space  off  the  chord  four  times  on  the  longer  arc 
12  3 . . . . 1',  Fig.  12.  Divide  the  arc  into  the  same  num- 
ber of  equal  parts  that  the  circle  12  3.  . . . 12  has  been 
divided  into,  that  is,  12  parts.  Join  the  points  of  division 
1,  2,  3,  etc.,  with  the  center  O by  the  lines  O 1,  02,  03,  etc., 
as  shown.  Project  the  points  B,  C,  D,  etc.,  Fig.  11,  upon 
0 1’ , in  Bt,  C,,  Dx,  etc.,  as  shown,  and  lay  off  0 A equal  to 
O A'  equal  to  O A,  Fig.  11;  OB  equal  to  0 B'  equal  to  0 By, 
O C equal  to  O C'  equal  to  0 C\,  etc.,  and  through  these 
points  draw  the  curve.  A plate  cut  of  the  same  size  and 
shape  as  shown  by  A G A'  1'  7 1 can  be  bent  into  the  conical 
surface  shown  by  the  elevation  A G 7'  1' . 

Particular  attention  must  be  given  to  the  method  explained 
above  for  laying  out  the  curve  of  the  development  in  Fig.  12. 
It  would  be  entirely  wrong  to  take  the  measurements  from 
the  lines  OF,  OF,  0 D,  0 C,  etc.,  Fig.  11.  The  reason  for 
this  is  that  these  lines,  being  on  the  surface  of  the  cone,  are 
inclined  toward  the  observer,  and  so  do  not  appear  in  their 
true  length.  The  line  O D,  for  example,  if  measured  on  the 
surface  of  the  cone  itself,  would  evidently  be  of  the  same 
length  as  the  line  O Di ; but,  in  the  figure,  it  is  much  shorter. 
The  line  O D„  however,  appears  in  its  true  length  in  the  figure, 
because  it  is  not  inclined  to  the  observer  in  the  position  shown. 
The  actual  distance  of  point  D from  the  apex  O,  therefore, 
is  O Dv  which  is  the  distance  to  be  laid  off  for  point  D in  the 
development.  The  same  holds  true  for  the  other  points. 
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SHADE  DINES. 

51.  The  use  of  the  heavy  shade  line  will  now  be 
explained.  In  Fig.  71,  by  means  of  the  shade  lines,  the 
draftsman  knows,  without  looking  at  any  other  view  of  the 
object,  that  the  rectangles  1 and  If.  represent  square  holes, 
and  2 and  3 ,'  square  bosses.  When  he  looks  at  the  other 
view,  it  is  to  find  the  depth  of  the  holes  and  the  height  of 
the  bosses.  This  explains  the  use  of  the  shade  lines,  viz. : 
to  show,  from  that  view  of  the  drawing  which  is  being  exam- 
ined, whether  the  part  looked  at  is  above  or  below  the  plane 

of  the  surface*  that  is, 
for  example,  whether 
the  rectangles  1,  2,  3 , 
and  4-  are  the  tops  of 
bosses  or  bottoms  of 
holes,  and,  consequent- 
ly, whether  they  extend 
above  or  below  the  sur- 
face of  A B D C.  In 
order  that  the  shading 
may  be  uniform  on  all 
drawings,  the  light  is 
assumed  to  come  in  one 
invariable  direction,  in 
such  a manner  as  to  be 
parallel  to  the  plane  of  the  paper,  to  make  an  angle  of  45°  with 
all  horizontal  and  vertical  lines  of  the  drawing,  and  to  come 
from  the  upper  left-hand  corner  of  the  drawing.  Each  view 
of  the  object  represented  is  shaded  independently  of  any  of 
the  others;  and,  when  shading,  the  object  is  always  supposed 
to  stand  in  such  a position  that  the  drawing  will  represent 
a top  view.  Any  surface- that  can  be  touched  by  drawing  a 
series  of  parallel  straight  lines,  making  an  angle  of  45°  with 
the  horizontal  and  vertical  lines  of  the  drawing,  is  called  a 
lij?lit  surface ; a surface  that  cannot  be  touched  by  lines 
having  this  angle  is  called  a dark  surface.  All  of  the 
edges  caused  by  the  intersection  of  a light  and  dark  surface, 
or  two  dark  surfaces,  are  usually  shaded ; that  is,  the  edges 
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thus  formed  are  drawn  in  heavy  lines.  Exceptions  to  this 
rule  are  sometimes  made  by  experienced  draftsmen,  when  a 
rigid  adherence  to  it  will  produce  a bad  effect  or  will  render 
the  drawing  ambiguous. 

Fig.  72  shows  a plan  of  a series  of  triangular  wedges  radi- 
ating from  the  common  center  O.  The  top  is,  of  course,  a 
light  surface,  and,  in  order  to  determine  whether  the  perpen- 
dicular surfaces  are  light  or  not,  the  45°  triangle  may  be  used. 
Take  the  wedge  R O A.  A line  drawn  at  an  angle  of  45°, 
the  direction  of  the  arrows,  would  strike  the  side  of  which 
O A is  the  edge;  hence,  this  side  is  a light  surface,  and  the 
top  being  also  a light 
surface,  the  line  OA 
must  be  light.  O R,  on 
the  contrary,  is  a heavy 
line,  since  the  light  can- 
not strike  the  side  of 
which  OR  is  the  edge 
without  passingthrough 
the  wedge.  Hence,  this 
is  a dark  surface,  and  its 
intersection  O R with 
the  light  surface  OAR 
requires  a shaded  line. 

For  the  same  reason, 

A R is  also  shaded. 

The  same  reasoning  as 
the  above  applies  to  the 
lines  O B,  O D,  O G,  O I,  O K,  and  O M ; also,  to  Q N,  M L, 
and  K J.  C B is  not  shaded,  because  the  light  strikes  the 
surface  of  which  C B is  the  edge,  as  shown  by  the  arrow, 
making  C B the  intersection  of  two  light  surfaces.  O N 
makes  an  angle  of  exactly  45°  with  the  horizontal,  and  is 
treated  as  if  it  were  the  edge  of  a light  surface ; this  is  done 
in  every  case  in  which  the  line  considered  makes  an  angle 
of  45°  with  the  horizontal. 

In  shading  holes,  or  any  parts  of  the  drawing  denoting 
depressions  below  the  surface  under  consideration,  a slightly 
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different  assumption  is  made.  Fig.  73  shows  the  plan  of  a 
square  block  with  a hexagonal  hole  in  the  center.  If  the 
light  passed  over  the  surface  A B C D,  parallel  to  the  plane 

of  the  paper  as  previously 
assumed,  all  of  the  inside  sur- 
faces would  be  dark,  and  the 
entire  orrtline  of  the  hexagon 
EFG  HI K would  be  shaded. 
In  order  to  prevent  this  and 
make  the  work  similar  to  that 
which  has  preceded,  the  rays 
of  light  are  assumed  to  make  an 
angle  of  45°  with  the  plane  of 
the  paper  when  shading  holes 
and  depressions.  Hence,  the 
light  will  strike  the  surfaces  whose  edges  are  G II,  HI, 
and  IK,  as  shown  by  the  arrows,  leaving  the  surfaces  whose 
edges  are  K E,  E F,  and  FG  dark  as  before.  Therefore, 
these  latter  edges  will  be  shaded,  and  the  edges  G II,  II I, 
and  IK  will  be  light.  See  also  Fig.  71. 

The  conventional  method  of  shading  circles  which  repre- 
sent the  projections  of 
cylinders,  or  circular  holes, 
is  as  follows:  A B,  Fig.  74, 
is  the  projection  or  end 
view  of  a cylinder  having 
for  a base  the  circular 
area  A B.  Draw  the  ar- 
rows E A and  F B,  making 
angles  of  45°  with  the  hori- 
zontal diameter,  and  tan- 
gent to  the  circle  at  A 
and  B.  That  half  of  the 
circle  in  front  of  these  two 
points  of  tangency  is  to 
be  shaded,  and,  in  order  to 
make  the  drawing  look  well,  the  center  point  for  the  com- 
passes is  shifted  along  the  line  C II  parallel  to  E A and  F B 


Fig.  74. 
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in  the  direction  of  the  arrow  an  amount  equal  to  the  thick- 
ness of  the  desired  line.  With  the  same  radius  that  was 
used  to  describe  the  original  circle,  describe  part  of  another 
circle,  being  careful  not  to  run  over  the  first  circle,  and 
stopping  when  the  two  lines  coincide.  The  directions  for 
shading  a hole  are  precisely 
the  same  as  for  the  projec- 
tion of  a cylinder  base, 
except  that  the  half  B C A 
of  the  circle  in  Fig.  75  is  to 
be  shaded,  the  center  being 
shifted  as  before,  but  in  the 
opposite  direction,  as  shown 
by  the  arrow. 

Vertical  projections  of 
cylinders  are  shaded  as 
shown  in  the  front  elevation  of  Fig.  5,  Drawing  Plate,  title: 
Projections  I. 

After  studying  the  foregoing  concerning  shade  lines,  the 
student  should  be  able  to  see  the  reason  for  the  using  or 
omitting  of  any  shade  lines  on  the  drawings  in  the  following 
plates.  In  the  case  of  an  object  like  the  hexagonal  prism  in 
Fig.  6,  Drawing  Plate,  title:  Projections  I,  no  part  of  the 
upper  base  or  line  Se  is  shaded,  although,  strictly  speaking, 
the  part  c e of  the  line  should  be  shaded;  but,  as  this  would 
make  part  of  the  straight  line  A e heavy  and  the  greater  part 
light,  the  whole  line  is  drawn  light.  This  is  one  of  the 
exceptions  previously  mentioned. 


Fig.  75. 
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INTRODUCTION 

1.  Architectural  drawing  includes  both  instrumental 
and  freehand  drawing,  the  latter  being  of  the  class  known  as 
ornamental  drawing.  The  first  constitutes  the  larger  part  of 
architectural  drawing,  and  consists  of  straight  and  curved  line 
work  executed  entirely  with  the  instruments.  The  second  is 
made  up  largely  of  curved-line  work  done  freehand,  although 
occasionally  an  irregular  curve  may  be  found  useful. 

In  this  section  on  Architectural  Drawing  the  student  will 
meet  with  architectural  subjects  that  require  no  freehand 
drawing,  except,  in  a few  instances,  to  a limited  extent. 
The  drawing  plates  in  this  section  are  to  be  the  same  size  as 
those  in  Geometrical  Drawing,  viz.,  13  in.  x 17  in.  inside 
the  border  lines.  No  part  is  to  be  drawn  nearer  than  f-  inch 
to  these  lines,  and  no  part  of  a drawing  is  to  be  inked  in  before 
the  whole  plate  has  been  finished  in  pencil,  as  was  explained 
in  Geometrical  Drawing.  The  student  should  show  all  the 
dimensions  and  dimension  lines,  also  the  shade  lines  and 
headings,  when  they  occur,  but  he  need  not  put  in  the  letters 
of  reference.  Before  proceeding  with  the  drawing  of  the 
plates,  we  will  first  describe  the  use  of  the  scales  which  are 
used  to  determine  the  relative  proportions  of  the  drawing. 


SCALES 

2.  When  a drawing  is  made  to  represent  any  object,  so 
that  the  size  of  any  part  of  that  object  may  be  measured 
from  the  drawing,  the  representation  is  said  to  be  “drawn 
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to  scale,”  no  matter  whether  it  is  drawn  full 
size  of  the  original,  or  some  definite  fractional 
size.  In  order  to  make  these  drawings,  an 
instrument  called  a “scale”  is  used  to  lay  off 
the  dimensions,  so  that  they  shall  bear  a uni- 
form proportion  to  one  another.  To  make  a 
full-sized  drawing,  a scale,  divided  into  inches 
and  fractions  of  an  inch,  is  used;  but  to  make 
a half-sized  drawing,  a scale  is  used  on  which 
each  6 inches  of  its  length  is  divided  into  twelve 
parts,  each  division  being  considered  as  1 inch. 
In  the  same  manner,  a quarter  scale  has  each 
3 inches  divided  into  twelve  parts,  and  so  on 
down  to  the  scale  of  inch  to  a foot,  where 
each  inch  of  the  scale  represents  1 foot  in 
length,  and  is  divided  into  twelve  parts  to 
indicate  the  inches.  This  is  the  smallest  scale 
ordinarily  used  in  architectural  work. 

Fig.  1 of  the  text  shows  a scale  which  is  con- 
venient for  the  student,  since  it  combines  eleven 
different  systems  of  subdivision,  and  may  be 
used  to  lay  out  all  the  work  in  this  course  in 
drawing.  This  scale  is  triangular  in  section 
and  12  inches  in  length,  and  on  each  of  its 
edges  is  laid  off  a scale,  as  shown  at  A,  B,  and  G. 
The  scale  at  G is  “full  size  that  is,  this  edge 
of  the  scale  is  divided  into  inches  and  fractions 
of  an  inch,  down  to  sixteenths,  and  is  used  for 
drawings  that  are  the  full  size  of  the  original. 
On  the  opposite  side,  at  B,  is  shown  the  quar- 
ter-sized scale  of  3 inches  to  1 foot.  The  first 
3-inch  division,  from  B to  C,  is  subdivided  into 
twelve  parts  representing  inches,  and  each  inch 
is  then  divided  into  proportional  fractions  of 
an  inch.  From  C to  D,  D to  A,  and  E to  A 
the  scale  is  marked  in  its  main  divisions  of 
3 inches  each.  From  A to  B the  scale  is  inde^ 
pendently  divided  into  spaces  of  1^  inches  each, 
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to  form  an  eighth-sized  scale,  or  1^-  inches  to  the  foot,  the 
divisions  of  the  latter  occurring  on  and  between  the  marks 
for  the  3-inch  scale. 

The  other  sides  and  edges  of  the  instrument  are  divided 
into  scales  of  1 inch  and  \ inch,  f-  inch  and  f inch,  \ inch 
and  | inch,  and  inch  and  3%  inch,  respectively,  making, 
with  the  full-sized  scale  at  G , eleven  in  all.  It  will  be 
observed  that  the  numbering  of  the  feet  on  these  scales  does 
not  start  at  the  end  of  the  instrument,  but  at  the  first  divi- 
sion from  the  end.  As  on  the  quarter-sized  scale,  the  zero 
mark  is  placed  at  C and  the  first  foot  is  measured  to  D. 
This  is  done  so  that  the  feet  and  inches  may  be  laid  off 
independently-,  and  with  one  reading  of  the  scale. 

The  figures  indicating  the  number  of  feet  on  this  scale  are 
placed  along  the  extreme  upper  edge  at  D,  E,  and  A,  to  the 
right  of  the  zero  mark  C;  and  those  indicating  inches,  to  the 
left  of  the  zero  mark.  To  lay  off  2 feet  3f  inches  from  a 
given  point,  place  the  scale  on  the  point  so  that  the  2-foot 
mark  will  be  directly  over  it;  then,  from  the  zero  mark  C 
lay  off  3f  inches,  as  shown,  locating  a second  point.  The 
length  of  the  distance  thus  laid  off  between  the  two  points 
represents  2 feet  3|  inches.  The  same  remarks  apply  to  the 
other  scale  of  1 ^ inches  to  the  foot,  and  the  figures  indica- 
ting feet  on  this  scale  are  placed  nearer  the  edge  of  the 
scale,  in  order  to  prevent  confusion  in  reading. 

To  draw  to  a scale  of  half  size,  or  G inches  to  the  foot,  use 
the  full-sized  scale,  and  remember  that  every  \ inch  equals 
1 inch  on  the  object;  that  is,  that  every  dimension  is  only 
one-half  the  real  length.  To  lay  off  inches,  first  lay  off 
5 half  inches  and  then  T7g-  inch  over.  The  result  is  a distance 
of  5|  inches  to  a scale  of  half  size,  or  G inches  to  the  foot. 

In  all  kinds  of  architectural  drawing,  the  smaller  scales 
are  used  more  frequently  than  the  larger  ones,  and  it  is  cus- 
tomary to  speak  of  them  as  i scale,  -§-  scale,  etc.  when  scales 
of  i-  inch  or  1 inch  to  the  foot  are  meant.  The  student  must 
therefore  be  careful  not  to  confuse  these  expressions  with 
the  i size  and  t size,  which  refer  to  scales  of  3 inches  and 
!-§-  inches  to  the  foot,  respectively. 
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It  sometimes  happens  that  a draftsman  is  obliged  to  make 
a scale  when  the  size  of  his  drawing  paper  is  limited  and  a 
general  drawing  of  some  object  is  desired.  By  general 
drawing  is  meant  a complete  view  of  the  object  in  plan 
and  one  or  two  elevations.  In  such  a case,  one  scale  may 
be  too  large  to  enable  a drawing  to  be  made  on  a single 
sheet  of  the  required  size.  Another  scale  may  make  it  too 
small  to  show  it  up  well.  For  example,  where  a \ scale 
may  be  too  large,  a i scale  may  be  too  small,  and  a i scale 
may  be  just  right.  If  the  draftsman  has  no  i scale  (that  is, 
a scale  of  2 inches  to  the  foot),  he  may  make  one  by  taking 
a piece  of  heavy  drawing  paper  and  cutting  out  a strip  about 
the  size  of  an  ordinary  scale  and  laying  off  the  2-inch  divi- 
sions on  it.  Each  division  or  part  will  represent  1 foot  of 
the  object.  Divide  one  of  the  end  divisions  into  twelve 
equal  parts,  and  each  will  represent  1 inch  of  the  object. 
Lines  indicating  half  inches  and  quarter  inches  may  be 
drawn,  if  considered  necessary. 


Fig.  2 


In  Fig.  2 of  the  text  is  shown  part  of  a scale*  made  in  this 
manner,  giving  feet,  inches,  and  half  inches,  the  quarters, 
eighths,  etc.  of  an  inch  being  judged  by  the  eye. 


DRAWING  PLATE,  TITLE  : MOLDINGS 

3,  This  plate  represents  a series  of  architectural  mold- 
ings, and  demonstrates  a method  by  which  each  may  be 
geometrically  drawn. 

Fig.  1 shows  a torus  molding,  which  is  half  round,  and 
he^e  shown  between  two  fillets. 

Fig.  2 shows  a cavetto,  or  cove,  with  fillets. 
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Fig.  3 shows  a cyma  recta,  with  fillets. 

Fig.  4 shows  an  echinus,  with  fillets. 

Fig.  5 shows  a quarter  round,  sometimes  termed  an  ovolo , 
with  fillets. 

Fig.  6 shows  a cyma  reversa,  with  fillets,  which,  with  the 
cyma  recta  shown  in  Fig.  3,  is  usually  called  an  ogee. 

Fig.  7 shows  a scotia,  with  fillets. 

Fig.  8 shows  the  method  of  developing  a raking  crown 
molding  of  the  cyma-recta  type,  with  its  accompanying 
fillets.  The  fillets  are  the  narrow,  square-edged  pieces, 
above  and  below  each  molding,  which  are  not  included  as  a 
part  of  the  molding  itself,  though  they  usually  accompany 
it  in  order  to  clearly  define  the  point  where  its  curvature 
starts. 

To  draw  this  plate,  mark  off  from  the  left-hand  border 
line  f inch,  and  from  the  right-hand  border  line  5f  inches, 
and  through  each  of  the  points  so  located  draw  a vertical 
construction  line  full  length  of  the  plate.  Then,  from  the 
lower  border  line,  lay  off  the  points  that  locate  the  horizon- 
tal lines  of  the  fillets,  and  through  these  points  draw  the 
fillets,  extending  them  to  the  vertical  lines  first  drawn. 

In  Fig.  1,  at  a distance  of  If  inches  from  the  left-hand 
border  line,  draw  the  dotted  line  ab;  bisect  it  at  c,  and 
from  c as  a center,  with  a radius  ac,  describe  the  semi- 
circle a db,  which  is  the  convex  outline  of  the  member 
termed  a torus.  Then,  from  a and  b,  draw  the  short  ver- 
tical lines  that  close  the  ends  of  the  fillets. 

A collar  member,  fulfilling  a function  similar  to  that  of 
the  torus,  may  be  formed  by  a square-edged  band  instead  of 
a half  round,  as  indicated  by  the  dotted  lines  a c,  fb. 

In  Fig.  2,  from  the  point  a,  which  is  the  intersection  of 
the  upper  line  of  the  fillet  with  the  vertical  construction 
line,  and  with  a radius  equal  to  the  width  of  the  cove, 
describe  a quarter  circle  intersecting  the  vertical  and  hori- 
zontal lines  limiting  the  member.  This  concave  outline  is 
the  profile  of  the  molding  technically  termed  the  cavetto, 
though  often  called  a cove. 

In  Fig.  3,  locate  the  points  a and  c at  the  intersection  of 
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the  vertical  construction  line  and  the  horizontal  lines  limit- 
ing the  curved  member.  From  a and  c,  by  means  of  a 
45°  triangle,  draw  the  diagonal  lines  a b and  c d ; these  lines 
will  intersect  at  e,  and  will  be  the  point  of  the  reverse  of 
curvature.  Through  e draw  the  horizontal  line  fg.  From 
the  point  f with  a radius  equal  to  fc , draw  the  arc  che; 
and  from  g,  which  is  located  on  the  vertical  line  b d,  with 
the  same  radius,  describe  the  arc  e id  \ then  draw  the  ver- 
tical fdlet  lines  from  c d,  completing  the  outline  of  the 
figure. 

In  Fig.  4,  draw  the  vertical  line  a b,  limiting  the  projection 
of  the  echinus  ^ inch  from  the  vertical  construction  line. 
Draw  the  vertical  line  c d,  at  a distance  of  If  inches  from  a b. 
Draw  the  tangent  b e,  by  means  of  the  protractor,  at  an  incli- 
nation of  28°  30'  from  the  horizontal  line.  From  the  point  f 
which  is  ^ inch  below  the  lower  edge  of  the  upper  fillet,  draw 
the  line  fg  parallel  to  b c.  From  g lay  off  gh  equal  to  g e. 
Divide  the  line  fg  into  five  equal  parts,  and  mark  the  points 
of  division,  as  1,  2,  3,  etc.,  on  fg.  Divide  fb  into  five 
equal  parts,  and  mark  the  points  of  division,  as  1,  2,  3,  etc. 
on  fb.  From  e draw  a series  of  lines  to  the  points  of 
division  on  f b,  and  from  h draw  a series  of  lines  through  the 
points  of  division  on  f g.  The  intersection  of  the  lines  e 1 , 
e 2,  e 3,  etc.  with  the  prolongation  of  the  lines  h 1,  h2 , h 3, 
etc.  will  give  points  through  which  the  lower  portion  of  the 
curve  may  be  drawn  from  e to  f either  freehand  or  with  an 
irregular  curve. 

The  convexity  of  the  echinus  will  depend  on  the  inclina- 
tion of  the  tangent  b e,  for,  as  the  angle  is  increased,  the  curve 
will  be  flattened.  The  upper  portion  of  the  curve  from 
f to  k is  drawn  freehand,  after  locating  k 1 inch  to  the 
right  at  a b.  The  ends  of  the  fillets  are  then  finished  as 
above. 

In  Fig.  5,  draw  the  vertical  line  a b T3g-inch  to  the  right  of 
the  vertical  construction  line  limiting  the  projection  of  the 
moldings,  and  from  the  point  b,  at  the  intersection  of  this 
line  and  the  horizontal  line  be,  draw  the  diagonal  line  b d at 
an  angle  of  -±5°.  From  the  point  d,  with  a radius  dc , describe 
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an  arc,  which  will  be  the  convex  outline  of  the  molding: 
then  draw  the  ends  of  the  fillets. 

In  Fig.  6,  draw  a b as  above  described,  and  from  the  point  b , 
at  the  intersection  of  the  vertical  and  horizontal  lines  a b 
and  be , draw  a diagonal  line  at  an  angle  of  45°.  From  a 
draw  a similar  line  intersecting  with  the  lower  line  of  the 
molding  at  c.  The  line  a c will  intersect  with  the  line  a b 
in  e.  Through  e draw  the  line  f g,  at  right  angles  to  be. 
From  the  point  f,  with  a radius  equal  to  f e,  describe  the 
arc  e a,  and  from  the  point  g.  with  the  same  radius,  describe 
the  arc  e c,  thus  obtaining  the  contour  of  the  reversed  curve, 
or  ogee;  then  draw  the  ends  of  the  fillets. 

In  Fig.  7,  draw  the  line  a b at  a distance  of  If  inches  from, 
and  parallel  to,  the  vertical  line  limiting  the  projection  of 
the  lower  fillet.  Join  c and  d ; bisect  cd  at  c.  From  e , 
with  a radius  equal  to  ec , describe  the  arc  cfd.  From  d 
draw  the  line  d g , at  an  inclination  of  30°  from  the  horizontal. 
On  dg  as  a base,  erect  an  equilateral  triangle  dkg;  from 
the  vertex  Ji,  with  a radius  equal  to  hg,  describe  the  arc  d ig, 
which  will  be  the  lower  curvature  of  the  scotia.  From  the 
point  b , at  the  intersection  of  the  vertical  line  a b with  the 
line  hg,  and  with  a radius  equal  to  b c , describe  the  arc  c j g, 
which  will  be  the  curve  of  the  upper  portion  of  the  molding. 

In  Fig.  8 is  shown  a cyma  recta,  similar  to  that  in  Fig.  3, 
except  that  its  lines  are  carried  up  in  a slanting  direction,  as 
would  be  the  case  if  it  were  applied  to  the  gable,  or  pediment, 
of  a building.  At  A,  B,  and  C are  shown  three  profiles  of 
the  molding,  which  are  necessary  to  properly  miter  the  pieces 
together  at  the  angles  formed  at  the  eaves  and  return. 

Draw  the  normal  molding  bje  by  the  method  given  for 
Fig.  3,  but  carry  the  lines  of  the  upper  fillet  up  from  a and  b 
at  an  angle  of  30°.  The  lower  fillet  is  then  drawn  horizon- 
tally and  split  at  the  end,  to  make  it  also  extend  diagonally 
and  parallel  to  the  upper  fillet  a l".  To  find  the  contour  of 
the  molding  which  may  be  applied  to  the  rake  of  the  gable, 
or  pediment,  and  to  make  it  miter  properly  with  b j c,  divide 
the  normal  contour  into  six  equal  parts  at  f h j,  etc.,  and  from 
these  points  of  division  erect  perpendicular  line?  until  they 
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intersect  with  the  horizontal  line  / k drawn  1 inch  above  a. 
Also  draw  lines  from  f,  h,j  parallel  to  the  raking  lines  of  the 
pediment,  as  fg , h i,  etc.  Now,  from  k' , If  inches  from  <?, 
lay  off  k'  1'  equal  to  k /,  and  divide  k'  l'  into  the  same 
number  and  sized  parts  as  k l.  This  may  be  done  by  mark- 
ing these  divisions  on  a strip  of  paper  and  transferring 
them  to  kr  From  these  points  of  division,  draw  perpen- 
diculars to  k'  and,  where  these  perpendiculars  intersect 
the  lines  drawn  from  f h,j,  etc.  parallel  to  the  rake  of  the 
molding,  points  are  determined  through  which  the  profile  l c' 
may  be  drawn. 

The  return  profile,  which  occurs  near  the  top  of  an  open 
pediment,  may  be  found  in  a similar  manner,  as  shown  at  C. 
Here  k"  l"  is  laid  off- horizontally  and  divided  in  exactly  the 
same  proportion  as  k /,  and  from  these  points  of  division 
perpendiculars  are  let  fall  to  intersect  with  fg,  h i,  etc.  as 
before,  thereby  locating  points  through  which  the  molding 
may  be  contoured  from  l"  to  c" . 

Having  drawn  all  the  figures  in  pencil,  the  student  is  now 
ready  to  ink  in.  As  before  stated,  he  should  ink  in  each 
figure  separately  and  finish  it  before  commencing  to  ink  the 
next  figure,  and  it  is  well  to  ink  them  in  the  same  order  they 
were  drawn  in  pencil.  In  inking  in  each  figure,  all  the 
curves  of  that  figure  should  be  inked  first,  then  the  horizon- 
tal lines,  then  the  perpendicular  lines,  and  then  the  oblique 
lines.  When  the  figures  have  been  inked,  the  drawing 
should  be  cleaned,  and  after  this  the  dimensions  and  dimen- 
sion lines  and  the  scale  of  each  figure  should  be  put  in ; also, 
if  any  part  of  the  figure  is  shown  in  section,  as  will  be  the 
case  with  future  plates,  the  part  sectioned  should  be  put  in 
last.  By  putting  in  the  sectional  lines  last,  the  likelihood  of 
running  them  through  the  dimensions  is  greatly  lessened. 
After  this  the  border  line  should  be  inked  in,  and  then  the 
title,  name  of  the  student,  his  class  number,  and  the  date 
when  he  finished  the  drawing. 

4.  Sectional  views  of  objects  are  represented  in  two 
ways:  first , by  coloring,  and,  second , by  means  of  section 
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lines.  When  they  are  colored,  different  tints  are  used  to 
represent  different  materials,  so  that,  when  a surface  is  to 
be  tinted  in  which  two  or  more  different  materials  appear, 
one  may  be  distinguished  from  another  by  its  color.  No 
general  rule  is  strictly  adhered  to  among  architects  by  which 
certain  tints  will  always  represent  certain  materials.  Each 
draftsman  uses  the  color  that  suits  his  fancy.  The  general 
tendency,  however,  among  all  is  to  make  brickwork  of  a 
reddish  tint,  stonework  of  a grayish  tint,  and  woodwork 
of  a yellowish  tint,  and  so  on,  generally  using  a tint  of  about 
the  color  of  the  object.  In  this  course  of  drawing  none  of  the 
plates  will  be  tinted,  but  sectional  lines  will  be  used  exclu- 
sively. The  same  difficulty  presents  itself  here  as  in  the 
case  with  the  tinting,  that  no  standard  is  observed  among 
architects,  but  each  uses  that  style  which  he  thinks  best.  It 
is  impossible  to  have  a separate  style  of  section  for  each 
material,  and  therefore  one  style  of  sectioning  may  represent 
half  a dozen  different  materials.  The  section  lines  ordinarily 
used  will  appear  on  the  various  plates  to  be  drawn  from  this 
subject,  and  will  be  explained  as  they  occur. 

5.  The  alphabet  shown  in  Fig.  3 below  is  the  antique 
Egyptian  style  of  letter,  and  is  to  be  used  for  titles  and 
headings.  The  letters  and  figures  are  to  be  made  yv-  inch 
high  and  inch  wide,  exclusive  of  tips  at  top  and  bottom, 

ABCDEFGHIJKLMN 

OPQRSTUVWXYZ& 

1234567890 

Fig.  3 

except  M,  which  is  inch  wide,  and  IV,  which  is  inch 
wide.  The  thickness  of  the  lines  forming  the  letters  is 
-gL  inch.  The  distance  between  any  two  letters  of  a word  is 
-Jq-  inch  between  the  tips,  except  where  A follows  P or  F ; 
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where  V,  W,  or  Y follows  L\  where  J follows  F,  P,  T,  V,  or 
IV;  where  T and  A are  adjacent,  or  where  A and  V,  IV,  or 
V are  adjacent;  in  these  cases,  the  lower  extremity  of  A 
and  the  upper  extremity  of  P,  T,  V,  or  IV  are  in  the  same 
vertical  line. 

Since  these  letters  are  composed  almost  entirely  of  straight 
lines,  they  can  he  made  with  the  T square  and  triangle,  the 
corners  being  rounded  freehand.  The  width  of  the  letters 
L and  E should  be  a trifle  less  than  -A  inch,  say  about  J-  inch, 
in  order  to  equalize  the  appearance  of  the  spacing.  The 
tops  and  bottoms  of  the  rounded  letters  should  be  drawn 
with  a radius  equal  to  ^ the  width  of  the  letter,  and  should 
each  extend  a trifle  above  the  line  governing  the  general 
height,  or  they  will  appear  too  short.  Horizontal  spaces 
between  the  rounded  letters  should,  for  similar  reasons,  be  a 
trifle  less  than  between  the  straight  letters.  In  making  the 
title  of  the  drawing  plates,  the  student  should  draw  six  hori- 
zontal lines  in  lead  pencil  to  represent  the  thickness  of  the 
letters  at  the  top,  center,  and  bottom;  then,  with  the  tri- 
angle, he  should  draw  in  the  width  of  the  letters  and  the 
spaces  between  them  in  pencil.  Having  the  letters  all  laid 
out,  he  can  very  easily  ink  them  in.  When  inking  them 
in,  it  is  well  to  ink  in  all  the  perpendicular  lines  first,  next 
the  horizontal  lines,  then  the  oblique  lines,  and  the  tips, 
the  latter  being  drawn  with  a 45°  triangle. 


DRAWING  PRATE,  TITLE:  DESCRIPTION  OF 
ARCHES 

(>.  The  printed  plate  entitled,  Description  of  Arches 
was  obtained  by  making  the  drawing  to  the  scale 
| inch  = 1 foot,  and  then  reducing  it  slightly  by  photo- 
lithography. Consequently,  the  divisions  on  the  scale 
shown  on  the  plate  are  not  quite  inch,  but  as  the  figures 
are  reduced  in  the  same  proportion,  their  dimensions  may 
be  obtained  by  measuring  with  the  reduced  scale  on  the 
plate.  Assume  that  it  is  desirable  to  obtain  the  span  of  the 
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Fig.  2. 
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arch  in  Fig,  1.  By  setting  the  dividers  to  the  points  a and  b 
and  transferring  them  to  the  scale  on  the  plate  without 
changing  their  position,  a b is  found  equal  to  10  feet.  Then, 
on  the  student’s  drawing,  this  distance  just  found  is  laid 
off  to  the  scale  f inch  = 1 foot,  thus  making  a b equal  to 
3f  inches.  In  the  same  manner  the  dimensions  of  any  line 
may  be  found  by  setting  the  dividers  to  the  distance  on  the 
printed  plate  and  applying  them  to  the  scale,  which  shows 
the  length  in  feet  and  inches. 

The  diagrams  on  the  plate  are  given  to  demonstrate  geo- 
metrical methods  of  laying  out  the  several  kinds  of  arches 
commonly  used  in  building  construction.  Figs.  1 and  3 are 
known  as  three-centered  arches,  from  the  fact  that  their  pro- 
files correspond  to  the  arcs  of  circles  struck  from  three  cen- 
ters. Fig.  2 is  commonly  designated  as  a flat  arch.  This 
arch  is  built  of  wedge-shaped  stones,  which  serve  as  a lintel. 
These  stones  are  so  formed  as  to  produce  a pleasing  appear- 
ance, and  form  a treatment  that  is  much  used  in  some  styles 
of  architecture.  Fig.  4 is  commonly  called  a four-centered 
Gothic  arch,  sometimes  known  as  a Tudor  arch.  Figs.  5,  6, 
and  7 are  known  specifically  as  equilateral , lancet , and  low, 
respectively,  while  Fig.  11  represents  an  ogee  arch.  Figs.  8, 
9,  and  10  are  formed  from  single  arcs  of  a circle,  and  are 
designated  as  Moorish , or  horseshoe,  segmental , and  stilted 
semicircular  arches,  respectively. 

To  proceed  with  the  drawing  of  the  plate,  commence  by 
laying  out  Fig.  1.  Draw  the  center  line  a b 2|^-  inches  from 
the  upper  border  line,  and  the  center  line  c d 3T3¥  inches 
from  the  left  border  line.  Lay  off  the  span  and  the  rise  to 
scale,  which  throughout  the  plate  is  f inch  = 1 foot.  Divide 
the  rise  into  three  equal  parts,  and  divide  the  span  into  five 
equal  parts,  thus  locating  the  points  e and  /.  Connect  e and  f , 
and,  with  a radius  equal  to  e a,  describe  the  circles  desig- 
nated. With  f as  a center  and  the  same  radius,  describe  the 
arc  g h,  and  through  the  points  where  it  intersects  the  circle, 
draw  the  line  d i.  Where  this  line  intersects  the  vertical 
center  line  c d , will  be  the  center  for  the  arc  of  the  circle 
forming  the  crown  of  the  arch.  This  arc  will  continue  from 
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the  point  j on  the  left  to  the  point  k on  the  right,  at  which 
points  it  will  be  tangent  to  the  circles  previously  drawn. 
Draw  the  radial  lines  representing  the  joints  between  the 
voussoirs  to  the  centers  as  designated,  and  finish  the  figure  by 
drawing  in  the  stones  as  shown.  The  term  voussoir  is 
French,  and  is  given  to  the  wedge-shaped  stones  that  form 
the  arch. 

Commence  Fig.  2 by  drawing  the  vertical  center  line  c d 
exactly  through  the  center  of  the  clear  space  between  the 
border  lines,  or  at  a distance  of  8 A-  inches  from  cither  of  the 
side  border  lines.  The  line  a b is  located  2\  inches  from 
the  top  border  line.  Draw  the  outline  of  the  window  open- 
ing a b fg  to  scale,  and  with  b as  a center,  and  a radius  a b, 
describe  the  arc  a e.  Where  it  intersects  the  center  line  c d, 
locate  the  point  e,  and  draw  e a and  e b.  Divide  a b into 
seven  equal  parts,  and  from  the  point  e,  through  these  points 
of  division,  draw  radial  lines  representing  the  lines  between 
the  voussoirs.  Finish  the  outline  of  the  voussoirs  to  scale, 
completing  the  drawing  as  shown. 

Fig.  3 is  another  method  for  laying  out  a three-centered 
arch,  and  may  be'  proceeded  with  by  drawing  the  line  a b 
2| 4 inches  from  the  top  border  line,  and  a vertical  center 
line  c d 3yg-  inches  from  the  right-hand  border  line.  Locate 
the  points  a and  b to  scale  and  at  a distance  apart  equal  to  the 
span  of  the  arch,  likewise  the  rise  of  the  arch  e f Divide 
the  span  into  four  equal  parts,  and  from  the  points^  and  h, 
with  a radius  equal  to  ag,  describe  semicircles  as  desig- 
nated. From  the  point  b , with  a radius  equal  to  b g,  describe 
the  arc  as  shown,  and  where  it  intersects  the  vertical  center 
line  locate  the  point  d ; d will  be  the  center  from  which  to 
strike  the  arc  i f j.  The  arcs  a i and  j b are  portions  of  the 
semicircles  previously  described.  Draw  in  the  radial  lines 
representing  the  joints  between  the  voussoirs  from  their 
respective  centers,  and  lay  out  the  stonework  to  scale,  as 
shown. 

In  drawing  Fig.  4,  locate  the  springing  line  a b of  the  arch 
4T7^  inches  above  the  lowrer  border  line,  and  the  vertical  cen- 
ter line  of  the  arch  c d 3y\  inches  from  the  left-hand  border 
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line ; locate  a and  b by  marking  off  the  width  of  the  opening 
to  scale,  and  divide  the  span  of  the  arch  a b into  four  equal 
parts,  thus  locating  the  points  e and  /.  With  ^asa  center 
and  a radius  equal  to  a b,  and  with  a as  a center  and  with 
the  same  radius,  describe  the  arcs  as  shown.  Where  they 
intersect  the  sides  of  the  opening,  will  be  located  the  points  j 
and  k.  From  with  a radius  equal  to  j li,  describe  the  arc  gh, 
and  from  k,  with  a radius  equal  to  kl,  describe  the  axe  g 1. 
From  e and  f with  a radius  equal  to  e /,  describe  the  arcs  a l 
and  b h.  Complete  the  outline  of  the  opening,  and  draw  in 
the  architrave  mold  to  scale  as  shown. 

In  Fig.  5,  the  line  a b is  located  4T7g  inches  above  the  lower 
border  line,  and  the  vertical  center  line  c d,  inches  from 
the  left-hand  border  line.  Lay  off  the  span  ab  to  scale,  and 
with  b as  a center,  and  a radius  equal  to  a b,  describe  the 
arc  a e ; likewise  from  a describe  the  arc  b e. 

The  line  a b in  Fig.  6 is  also  located  417g-  inches  above  the 
lower  border  line.  Lay  off  in  this  figure  the  span  ab  to 
scale,  and  locate  the  point  e at  a distance  of  ef  from  the 
line  a b on  the  vertical  center  line  c d , which  is  located  in  the 
center  of  the  sheet.  Lay  off  this  distance  to  scale,  which, 
in  this  arch,  is  always  greater  than  the  span.  Connect 
a and  e,  and  bisect  the  line  a e by  the  method  described  in 
Art.  28,  Geometrical  Drawing , thus  obtaining  the  \ine gh  as 
designated.  The  point  h will  be  the  center  from  which  to 
strike  the  arc  a e , and  i will  be  the  corresponding  center  to 
the  left  of  the  vertical  center  line  c d , from  which  to  strike 
the  arc  be.  Draw  in  the  architrave  mold  as  shown  in  the 
figure. 

In  Fig.  7,  the  springing  line  ab  is  located  the  same  dis- 
tance above  the  bottom  border  line  as  the  same  lines  in 
Figs.  5 and  6,  and  the  vertical  center  line  c d is  6y^  inches 
from  the  right-hand  border  line.  Having  located  to  scale 
the  points  a and  b at  a distance  apart  equal  to  the  span  of 
the  arch,  divide  the  span  ab  into  four  equal  parts,  locating 
the  centers  e and  f.  From  /,  with  a radius  equal  to  fa , 
describe  the  arc  ac.  From  e,  with  the  same  radius,  describe 
the  arc  cb,  thus  completing  this  figure. 


14 


ARCHITECTURAL  DRAWING 


14 


Fig.  8 requires  no  special  description.  The  line  a b is 
located  2^  inches  from  the  lower  border  line,  while  the 
vertical  center  line  cd  is  a portion  of  the  center  line  in 
Fig.  5,  extended.  Draw  the  figure  to  scale  as  shown. 

The  segmental  arch,  Fig.  9,  is  laid  out  by  drawing  the 
springing  line  a b 2f|-  inches  from  the  bottom  border  line. 
The  center  line  cd  is  a continuation  of  the  same  line  in 
Fig.  G.  Lay  off  to  scale  the  span  a b and  the  rise  e f and 
connect  a and  f.  Bisect  the  line  a f,  and  where  the  line  h g 
intersects  the  vertical  center  line,  as  at  g,  will  be  the  cen- 
ter from  which  to  describe  the  arc  afb.  Divide  the  arc  afb 
into  twenty  equal  parts,  and  draw  in  the  lines  of  the  vous- 
soirs  that  radiate  from  the  point  g and  extend  through  the 
divisions  just  laid  out. 

Fig.  10  is  simply  a semicircular  arch,  designated  as  stilted 
because  the  line  a b,  upon  which  is  located  the  center  of  the 
semicircle  forming  the  arch,  is  some  distance  above  the 
impost  line  ef  The  line  a b in  this  figure  is  a continuation 
of  the  line  a b in  Fig.  8,  while  the  vertical  center  line  c d is 
an  extension  of  the  same  line  in  Fig.  7.  Lay  off  the  span 
and  locate  the  center  g,  describing  the  semicircle  a c b. 
Working  to  scale,  finish  the  figure  as  shown. 

The  springing  line  a b in  Fig.  11  is  2^  inches  above  the 
bottom  border  line,  while  its  vertical  center  line  cd  is 
3j\  inches  from  the  right-hand  border  line.  Lay  off  the 
distance  a b to  the  center  line  of  the  bead  and  divide  it 
into  six  equal  parts;  also  mark  off  the  several  divisions 
of  the  mold  to  scale;  e and  f will  be  the  centers  from 
which  to  strike  the  arcs  l g and  vi  h.  The  arcs  g k 
and  h k are  struck  from  the  centers  i and  j,  which  can 
be  obtained  in  this  particular  case  by  scaling  the  dis- 
tance ig  and  hj.  These  arcs  are  arbitrary;  that  is,  they 
can  be  made  to  suit  the  taste  of  the  designer.  Draw  in 
the  mold  as  shown. 

Having  completed  the  plate  in  pencil,  block  out  the 
title  and  proceed  to  ink  in,  giving  the  same  values  to  the 
lines  as  are  given  on  the  plate.  All  reference  letters  may 
be  omitted. 
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DRAWING  PLATE,  TITLE  : FULL-SIZE  DETAILS 

7 . In  the  five  figures  upon  this  plate  are  shown  the  full-size 
details  necessary  to  construct  the  interior  trim  of  a well-con- 
structed building.  Since  the  details  are  laid  out  full  size, 
the  scale  at  the  right-hand  lower  corner  of  the  plate  repre- 
sents inches  and  parts  of  an  inch,  and  in  making  the  draw- 
ing, a 2-foot  rule,  or  any  scale  having  inch  marks  on  it, 
may,  be  used. 

Fig.  2 shows  a molded  base  provided  with  a shoe,  and  the 
chair  rail,  which  would  be  used  in  connection  with  it,  is 
shown  in  Fig.  1.  The  molded  base,  or,  as  it  is  sometimes 
called,  the  baseboard,  or  skirting,  is  the  finish  placed 
around  the  bottom  of  a wall  or  partition,  and,  resting  on  the 
floor,  forms  a protection  for  the  plaster.  The  chair  rail 
answers  a similar  purpose,  being  placed  at  such  a distance 
above  the  floor  as  will  prevent  the  back  of  a chair  from 
striking  the  plaster  and  thus  disfiguring  it.  The  lines  a b, 
Figs.  1 and  2,  are  laid  out  \ inch  from  the  left-hand  bor- 
der line,  while  the  base  line  c d of  the  shoe  is  T7g  inch  from 
the  bottom  border  line,  and  the  top  line  efoi  the  chair  rail 
is  marked  off  If  inches  from  the  top  border  line.  Having 
thus  located  Figs.  1 and  2,  they  may  be  drawn  to  scale, 
great  care  being  exercised  in  order  to  obtain  the  correct 
profile  of  the  moldings,  as  a slight  deviation  may  cause  them 
to  lose  character  and  consequently  beauty. 

Fig.  3 shows  a complete  wainscot  excepting  the  shoe. 
The  wainscot  base  takes  the  place  of  the  molded  base  shown 
in  Fig.  2,  and  the  wainscot  cap  answers  the  same  purpose 
as  the  chair  rail  designated  in  Fig.  1.  The  wainscot  lining 
protects  the  plaster  between  the  base  and  the  cap,  and  forms 
a pleasing  finish  for  the  room.  The  lines  marked  a b in  this 
figure  are  located  If  inches  from  the  left-hand  border  line. 
The  figure  may  now  be  laid  out  to  scale  and  finished,  as 
shown. 

Fig.  4 is  the  sectional  plan  through  a portion  of  a door 
and  its  jamb.  The  several  parts  are  clearly  marked,  and 
need  no  explanation.  The  line  a b in  this  figure  is  located 
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5if  inches  from  the  left-hand  border  line,  while  the  line  c d 
is  situated  at  a distance  of  lT5g  inches  from  the  bottom  bor- 
der line.  It  will  be  noted  in  this  figure  that  a different 
method  of  construction  is  shown  on  either  side  of  the  door, 
the  same  remark  applying  to  the  jamb.  The  architrave 
trim,  shown  in  the  upper  portion  of  the  figure,  is  only  used 
where  there  is  a back  band.  Having  thus  located  the  prin- 
cipal lines  in  this  figure,  the  several  parts  may  be  drawn  to 
scale. 

In  order  to  finish  the  drawing  plate,  commence  by  laying 
off  the  line  a b,  Fig.  5,  0^  inches  from  the  right-hand  border 
line,  the  line  cd  being  T7g-  inch  from  the  top  border  line. 
This  figure  shows  the  usual  method  of  constructing  a win- 
dow frame  of  an  ordinary  frame  building  or  dwelling.  The 
notes  on  the  several  parts  make  its  construction  sufficiently 
clear,  and  no  further  explanation  is  required,  except  that 
the  student’s  attention  is  called  to  the  fact  that  the  wall  stud 
in  the  window  frame  detail,  Fig.  5,  is  made  4^ inches  instead 
of  4 inches,  the  usual  size  for  studs  of  standard  widths. 
Studs  vary  greatly  in  width,  and  the  purpose  of  changing 
the  width  is  to  show  the  student  that  the  window  frames 
must  be  made  to  suit  the  actual  width  of  the  studs  to  which 
they  are  attached. 

Ink  in  the  plate  with  good,  full  lines  that  have  the  same 
value;  no  shaded  lines  are  required  on  such  a plate,  since 
it  is  purely  a working  drawing. 


DRAWING  PLATE,  TITLE:  DETAILS 

8.  Fig.  1 of  this  plate  shows  an  elevation,  sectional  plan, 
and  vertical  section  of  a rear- verancla  entrance  door  for 
a frame  house,  and  Fig.  2 shows  the  same  views  of  a win- 
dow of  the  ordinary  double-hung  sash  type,  for  a brick  wall 
with  a straight  stone  lintel  head. 

Begin  this  plate  with  Fig.  1,  drawing  it  to  a scale  of 
11  inches  rr  1 foot.  First  draw  the  jamb  lines  a b and  c d of  the 
elevation  2 feet  7 inches  apart,  locating  the  line  a b 2-j-f  inches 
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from  the  right-hand  border  line.  Then  draw  the  sectional 
plan  across  the  elevation  of  the  door,  as  shown,  completing 
it  before  starting  to  draw  anything  else.  Do  this  by  draw- 
ing the  section  of  the  door  first,  which  is  If  inches  thick, 
with  panels  f inch  thick,  ancj  complete  it  from  the  dimen- 
sions given,  proportioning  the  moldings  of  the  door  by  the 
eye.  * Observe  that  the  panel  moldings  on  the  outside  face  of 
the  door  are  raised  and  lap  a little  over  the  edges  of  the 
stiles,  while  the  moldings  on  the  other  side  of  the  panels  are 
sunk  below  the  inside  face  of  the  door.  Having  finished  the 
section  of  the  door,  now  draw  the  frame  of  the  door,  first 
drawing  the  jambs  e,  e,  which  are  If  inches  thick  and 
G inches  wide,  with  a f -inch  rabbet ; next,  the  outside  cas- 
ings f f,  which  are  If  inches  thick  and  5 inches  wide;  and 
then  draw  the  door  studs,  which  are  composed  of  two  thick- 
nesses of  scantling^}  in.  X 4 in.,  and  complete  this  view  from 
the  dimensions  given;  this  the  student  should  be  able  to  do 
without  difficulty.  Now  start  the  vertical  section  (which  is 
taken  on  the  line  G H)  by  first  drawing  the  section  of  the 
door,  the  height  of  which  is  G feet  8 inches,  and  then  draw- 
ing the  remainder  of  the  vertical  section  from  the  dimen- 
sions given.  Locate  the  top  edge  of  the  door  at  a distance 
of  lT7y-  inches  from  the  upper  border  line.  Next  draw  the 
elevation  of  the  door  and  frame.  Do  this  by  projecting  all 
the  perpendicular  lines  from  the  sectional  plan  and  the  hori- 
zontal lines  from  the  vertical  section,  as  these  two  sectional 
views  give  all  the  dimensions  necessary.  The  student  should 
experience  no  difficulty  in  completing  this  view. 

Draw  Fig.  2,  the  window  for  a brick  wall,  to  a scale  of 
If  inches  = 1 foot.  Begin  with  the  elevation  of  the  window, 
by  drawing  the  brick  jambs  a b and  c d at  a distance  of  2 feet 
10  inches  apart,  locating  the  jamb  a b If  inches  from  the 
left-hand  border  line.  Then  draw  the  bottom  bed  e f of  the 
stone  window  sill  at  right  angles  to  the  jambs,  and  at  a dis- 
tance of  -f  inch  from  the  lower  border  line.  From  the  high- 
est point  of  the  stone  window  sill,  which  is  4f  inches  above 
the  edge  e f,  as  will  be  seen,  lay  off  a distance  of  4 feet 
9f  inches,  and  through  it  draw  the  lower  side  g h of  the 
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stone  lintel,  completing  both  the  lintel  and  the  stone  window 
sill  from  the  dimensions  given.  Now  draw  the  sectional 
plan  of  the  window  and  the  wall.  This  plan  shows  a section 
taken  on  the  broken  line  A B C D,  the  left-hand  portion  of 
the  plan  being  a section  through  the  lower  sash  and  the  wall, 
and  the  right-hand  portion,  a section  through  the  upper 
sash  and  the  wall.  Draw  the  brick  wall  first,  which  is 
12 \ inches  thick,  as  shown;  then  draw  the  window  frame 
and  the  sashes  from  the  dimensions  given,  drawing  the 
frame  first.  Draw  the  lines  of  the  sashes  to  the  center 
line  ij  and  stop  them  there.  This  is  the  general  practice, 
as  the  sides  of  the  sash  and  frame  are  alike,  and  half  of  the 
sash  shows  the  construction  of  it  as  wrell  as  would  the  whole. 
Having  finished  this,  draw  the  casing  from  the  dimensions 
given.  The  two  circles  on  each  side  of  the  window  frame 
represent  the  sash  weights.  Now  draw  the  vertical  section 
of  the  window,  which  is  a section  taken  on  the  line  E F. 
Draw  the  brick  wall  first,  projecting  the  lintel  and  the  stone 
window  sill  from  the  elevation,  ar.d  then  the  window  frame 
and  the  sashes  from  the  dimensions  given,  drawing  the 
frame  first.  After  this  draw  the  casing  from  the  dimensions 
given.  All  the  small  details  of  the  construction  should  be 
plainly  drawn  and  figured.  Now  complete  the  elevation, 
making  use  of  the  sectional  plan  and  the  vertical  section,  by 
projecting  all  horizontal  lines  from  the  vertical  section  and 
all  perpendicular  lines  from  the  sectional  plan.  The  brick- 
work is  laid  out  in  2-|~inch  courses,  that  is,  2^  inches  from 
center  to  center  of  joint.  Complete  the  figure  from  the 
dimensions  given. 

9.  The  style  of  the  section  lines  ordinarily  used  to  repre- 
sent wood  cut  across  the  grain  is  as  shown  in  Fig.  1 of  this 
plate.  This  is  done  by  a series  of  irregular  rings  and  radia- 
ting lines  like  the  cross-section  of  an  oak  tree,  which  are  to 
be  made  freehand  with  an  ordinary  writing  pen. 

The  style  of  section  line  used  to  indicate  plaster  is  also 
shown  on  this  plate,  and  consists  of  a number  of  dots  made 
freehand  with  an  ordinary  writing  pen.  The  glass  panes 
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are  sectioned  similar  to  brickwork.  When  it  is  desired  to 
make  the  drawing  show  up  well,  some  of  the  surfaces  are 
slightly  shaded.  This  has  been  done  with  the  stone  sill  and 
v lintel  of  the  elevation  in  Fig.  2.  Here  the  stone  is  shaded, 
and  clearly  .shows  its  surface  treatment.  The  margins  are 
shown  to  be  clean  cut,  while  the  remainder  is  rock  face. 


DRAWING  PLATE,  TITL/E  : MULLIOX  WINDOW 

10.  This  plate  represents  the  detail  drawings  for  a 
mullion  window,  consisting  of  the  plan,  exterior  elevation, 
interior  elevation,  and  vertical  section,  all  drawn  to  the  scale 
of  f inch  = 1 foot,  together  with  several  sections  of  the  mold- 
ings drawn  full  size.  The  window  is  constructed  in  a stone 
wall,  the  exterior  being  finished  with  cut-stone  trimmings, 
while  the  interior  in  constructed  to  have  splayed  jambs. 
The  openings  are  fitted  with  a wooden-box  frame  and  double- 
hung  sliding  sash,  but  inside  blinds,  or  shutters,  are  dis- 
pensed with,  and  the  jambs,  soffit,  and  breast  are  finished 
with  framed,  molded,  and  paneled  linings.  The  window 
heads  are  segmental  in  form  on  the  exterior,  while  the 
interior  soffit  is  finished  so  as  to  be  horizontal.  An  arch 
spans  the  opening  between  the  jambs,  to  which  a scantling 
of  timber  is  attached  horizontally  on  the  interior,  to  serve  as 
a base  for  the  furring  strips  and  plaster  grounds. 

Begin  Fig.  1,  the  plan  (which  is  a horizontal  section  on 
the  line  A B C D of  Fig.  2),  by  drawdng  the  center  line  a b 
at  a distance  of  4^  inches  from  the  left-hand  border  line; 
draw  c d,  the  outer  face  line  of  wall,  at  a distance  of  3 inches 
below  the  upper  border  line.  Each  half  of  the  plan  is  sym- 
metrical, and  that  portion  to  the  left  of  the  center  line  a b 
should  be  drawn  first.  Lay  off,  on  the  line  c d,  one-half  the 
width  of  the  mullion , or  upright  division  between  the  open- 
ings; mark  the  width  of  the  opening,  and  draw  the  reveal 
lines.  Draw  the  face  line  of  the  trimmings,  which  is  f inch 
in  advance  of  the  line  c d\  make  the  depth  of  the  reveal 
8 inches,  and  draw  e f,  the  outer  face  line  of  the  box  frame; 
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then  form  the  rebate  in  the  jamb  in  which  the  fr^me  is 
placed. 

From  the  line  c d mark  the  thickness  of  the  wall,  which  is 
24  inches,  and  a space  of  2|  inches  additional  for  furring  and 
for  lath  and  plaster,  as  shown;  then  draw  the  horizontal 
lines,  representing  the  plaster,  etc.,  after  which  draw  the 
splay  of  the  jambs  so  that  the  inside  of  the  opening  is  4 inches 
wider  on  each  side  of  the  center  line  than  the  outside  open- 
ing. From  the  line  e f mark  a series  of  points  defining  the 
members  composing  the  thickness  of  the  window  frame, 
■|  inch  for  the  outer  casing,  1|  inches  for  the  upper  sash, 
\ inch  for  the  parting  strip,  1|  inches  for  the  lower  sash, 
and  1\  inches  for  the  width  of  the  sash  top;  make  the  inner 
casing  1^  inches  thick,  and  through  the  points  marked,  draw 
the  horizontal  lines  defining  the  details  as  laid  out.  Draw 
the  face  line  of  the  pulley  stiles,  which  is  2 inches  in  advance 
of  the  stone  reveal;  mark  1^  inches  for  the  thickness  of  each 
pulley  stile,  2^  inches  for  the  depth  of  the  weight  box, 
between  the  pulley  stiles  and  back  lining,  and  i inch  for  the 
thickness  of  the  back  lining;  then  draw  the  lines  defining 
these  details.  Form  the  groove  in  each  pulley  stile  f inch 
deep  for  the  parting  strip,  and  form  the  tongues  on  the 
pulley  stiles  which  enter  the  inner  and  outer  casings. 
Observe  that  the  sash  stop,  parting  strip,  and  edge  of  the 
outer  casing  are  all  in  line.  Make  the  width  of  the  sash 
stiles  2 inches  to  the  glass  line,  but  add  an  extra  f inch  for 
rebate.  (Fig.  H shows  a full-sized  detail  of  this  edge  of  the 
sash. ) 

Locate  the  vertical  plaster  ground  at  the  inside  edge  of 
the  splayed  jambs,  formed  with  a rebate  to  receive  the  lath 
and  plaster,  and  draw  the  paneled  jamb  lining  in  position,  a 
full-sized  detail  of  which  is  shown  in  Fig.  1.  Draw  the 
inside  trim,  or  casing,  lapping  over  on  the  edge  of  the  jamb 
lining  and  entirely  covering  the  plaster  ground;  draw  the 
line  of  the  window  breast  1|-  inches  inside  of  the  frame  and 
the  line  of  the  base,  and  the  baseboard  T3^-  inch  in  advance  of 
the  paneling  and  casing.  Draw  the  panel  in  the  inside  cas- 
ing of  the  mullion,  the  sash  weights  in  the  box,  the  exterior 
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molding  in  the  angle  between  the  window  box  and  the 
stone  reveal,  and  then  the  line  defining  the  front  edge  of 
the  stone  sill;  draw  the  miter  lines  denoting  the  intersec- 
tions of  the  sloping  surfaces  of  the  sill,  and  the  chamfers 
formed  by  the  cutting  off  of  the  corners  of  the  quoins  at 
the  side  of  *the  mullion  in  the  center.  Having  drawn  the 
left  half  of  the  plan,  draw  the  right  half  and  complete 
the  figure,  observing  that  on  the  right-hand  side  the  section 
through  the  elevation  (Fig.  2)  is  taken  through  the  upper 
sash,  and  therefore  shows  the  sash  on  the  right  side  of 
Fig.  1,  in  the  exterior  sash  groove  of  the  frame. 

Begin  Fig.  2,  the  exterior  elevation,  by  drawing  e f,  the 
top  line  of  the  sill,  at  a distance  *bf  3|-  inches  above  the  lower 
border  line,  and  draw  g h,  the  springing  line  of  the  segment 
heads,  at  a distance  of  7 feet  above  the  line  e f ; project  the 
reveal  lines  from  Fig.  1,  and  from  the  points  i and  j,  with  a 
radius  of  3 feet  3^-  inches,  describe  arcs  whose  intersection 
at  the  point  k will  locate  the  center  from  which  the  segmental 
curve  may  be  drawn.  Beginning  at  l in , the  lower  line  of 
the  base  course,  mark  a series  of  points  defining  the  heights 
of  the  base  course,  the  sill  blocks,  and  sill,  the  height  of  each 
qtioin,  and  the  lintel,  and  through  the  points  so  marked 
draw  horizontal  lines;  make  the  width  of  the  headers,  or 
narrow  stones,  10  inches,  and  the  length  of  the  stretchers, 
or  wide  stones,  16  inches;  draw  the  vertical  lines  defining 
these  stone  details,  and  draw  the  chamfers  on  the  angles 
of  the  jambs  and  mullions,  with  their  top  and  bottom 
stops. 

Before  drawing  the  frames  and  sash  in  the  elevation,  it 
will  be  necessary  to  draw  Fig.  4,  which  is  a vertical  section 
on  the  line  E F oi  Fig.  2.  Draw  c' d' , the  vertical  face 
line  of  the  wall,  at  a distance  of  2T7g-  inches  from  the  right- 
hand  border  line;  draw  the  face  line  of  the  quoins  inch 
in  advance  of  the  line  c' d' ; lay  off  the  thickness  of  the 
wall  and  the  space  for  furring,  and  lath,  and  plaster,  as 
in  Fig.  1,  and  the  thickness  of  the  breast  in  the  masonry 
under  the  sill,  which  is  12  inches,  and  draw  the  vertical 
lines.  Project,  from  Fig.  2,  the  horizontal  lines  that  mark 
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the  stone  courses  and  window  opening,  and  transfer  the 
lines  defining  the  depth  of  the  reveal,  and  the  division  of 
the  box  frame,  by  means  of  a strip  of  paper  applied  on  the 
line  EF  of  Fig.  1,  which  the  lines  of  these  details  intersect. 
The  various  points  should  be  carefully  marked  with  a needle 
point  on  the  paper  strips,  and  then  punctured  in  their  posi- 
tions on  Fig.  4,  after  which  the  vertical  lines  can  be  drawn 
through  them.  Locate  and  draw  the  wooden  sill  of  the 
frame,  and  the  lower  rail  at  the  bottom,  the  meeting  rails 
at  the  center,  and  the  upper  rail  at  the  top  of  the  sash,  in 
accordance  with  the  measurements  given.  Draw  the  3"  X 6" 
scantling  under  the  arched  head,  which  forms  the  support 
for  the  furring  and  plaster  grounds;  draw  the  floor  joists 
and*  the  double  floor  in  position,  as  shown  (the  lower  floor  is 
laid  over  the  joists  diagonally,  while  the  upper,  or  finished, 
floor  is  placed  at  right  angles  to  the  joists),  and  draw  the 
furring  and  sheathing  behind  the  stone  breast  of  the  window; 
draw  the  section  of  the  paneled  breast,  and  observe  that  the 
base  is  kept  up  ^ inch  above  the  finished  floor,  to  allow  the 
carpet  to  pass  under  it. 

In  order  to  draw  the  paneling,  etc.  of  the  jamb  on  Fig.  4,  it 
will  be  necessary  to  project  the  lines  of  the  jamb  finish  on 
Fig.  1 forward  to  E F,  the  line  of  section  on  which  Fig.  4 is 
taken;  this  can  be  done  by  drawing  from  each  detail  of  the 
panel  jamb  a horizontal  line  with  the  T square,  and  after 
marking  the  points  so  located,  as  shown  at  1,  2,  and  3,  trans- 
fer their  relative  positions  by  means  of  a strip  of  paper,  as 
explained  in  connection  with  the  reveal  and  window  box. 
The  vertical  lines  and  the  lines  of  the  horizontal  framing, 
etc.  may  then  be  located  and  drawn.  Having  now  com- 
pleted Fig.  4,  return  to  Fig.  2,  and  draw  the  frames  and 
sash  in  the  window  openings,  projecting  the  vertical  lines 
from  Fig.  1,  and  the  horizontal  lines  from  Fig.  4,  and 
describe  the  curves  of  the  segment  heads  of  the  sashes  from 
the  same  centers  as  were  used  for  the  stonework. 

Begin  Fig.  3,  the  interior  elevation  of  the  window,  by 
drawing  the  center  line  a b at  a distance  of  6Ty  inches  from 
the  right-hand  borderline;  project  the  horizontal  divisions 
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of  the  sash  and  inside  finish  from  their  respective  positions 
in  Fig.  4.  In  order  to  locate  the  vertical  divisions,  first 
draw  the  line  Im  in  Fig.  1,  at  any  position  in  advance  of  the 
wall  line,  and  intersect  l m by  a series  of  perpendicular  lines 
from  the  members  of  the  frame,  sash,  and  finish,  marking 
their  position  on  l in  as  shown ; then  transfer  these  points 
and  their  distance  from  the  line  a b by  means  of  a paper 
strip  to  the  inside  elevation  of  Fig.  3 ; make  the  line  a b on 
the  paper  strip  coincide  with  the  center  line  a b in  Fig.  3, 
and  prick  the  points  with  a needle,  thus  marking  the  divisions 
on  one  half  of  the  elevation.  The  points  on  the  other  half 
can  then  be  marked  by  reversing  the  strip,  noting  carefully 
that  the  line  a b on  the  strip  again  coincides  with  the  center 
line  a b of  Fig.  3.  Now  draw  the  vertical  lines  through  the 
points  as  marked,  and  complete  the  figure  by  drawing  the 
curved  heads  of  the  frame,  sash,  and  finish,  as  shown. 

Begin  Fig.  G,  a full-sized  section  of  the  exterior  angle 
molding  of  the  frame,  by  drawing  the  line  ab  at  a distance 
of  8f  inches  from  the  right-hand  border  line,  and  the  line  c d 
at  a distance  of  ly^  inches  below  the  upper  border  line ; draw 
the  lines  defining  the  width  and  thickness;  then  from  the 
center  with  the  radius  given,  draw  the  arc  fg;  join  e h; 
from  li  as  a center,  with  a radius  equal  to  hg,  draw  the 
arc  gi,  of  the  length  given;  locate  the  center  j and  draw  the 
arc  ik\  draw  the  quirk,  or  channel,  between  the  molding 
and  the  fillet,  and  complete  the  figure.  The  center  e may  be 
located  by  striking  an  arc  from  / as  a center,  and  with  a 
radius  of  inch,  and  intersecting  this  arc  by  another  drawn 
from  h as  a center  and  with  a radius  of  Iff  inches.  The 
center  j may  then  be  located,  so  that  the  arc  struck  from  it 
will  be  tangent  to  the  arc  gi  and  also  to  the  bottom  line  of 
the  molding. 

Begin  Fig.  H , a full-sized  section  of  the  edge  of  the  sash, 
by  drawing  the  line  a b inches  from  the  right-hand  bor- 
der line,  and  the  line  c d 1^-  inches  below  the  upper  border 
line;  mark  the  thickness  of  the  sash  l-£  inches;  divide  it  into 
the  members  shown,  and  draw  the  horizontal  and  vertical 
lines.  Draw  the  rebate  for  the  glass  and  putty  fillet  on  the 
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outside,  and  draw  the  molding  on  the  inner  edge,  with  a 
circular  arc,  as  shown. 

Begin  Fig.  /,  a full-sized  section  of  a portion  of  the  framed 
paneling  of  the  linings,  by  drawing  the  line  ab  at  a distance 
of  2}  inches  from  the  right-hand  border  line,  and  the  liner  d 
at  a distance  of  1^  inches  below  the  upper  border  line;  draw 
the  lines  for  the  thickness  of  the  framing,  and  form  the 
groove  for  the  panel.  To  draw  the  ogee  molding,  first 
locate  the  points  e and  f and  join  them  with  a line  e f;  bisect 
this  line  at  g,  and  from  e and  g as  centers,  and  with  a radius 
equal  to  eg,  describe  intersecting  arcs,  from  the  point  of 
intersection  of  which  describe  the  arc  eg  with  the  same 
radius.  The  arc  gf  may  then  be  drawn  by  the  same  process. 
The  panel,  which  is  inch  thick,  has  a margin  sunk  inch 
on  its  edges  on  one  side,  while  on  the  opposite  side  the  edge 
is  beveled  off  to  ^ inch  in  thickness  where  it  enters  the 
groove  in  the  stile;  observe  that  the  panel  does  not  fill  the 
full  depth  of  the  groove,  this  extra  allowance  of  groove  per- 
mitting the  panel  to  swell  without  affecting  the  joints  of  the 
framing. 


DRAWING  PLATE,  TITLE:  DETAILS  OF 
VESTIBULE 

11.  This  plate  represents  the  detail  drawings  for  a ves- 
tibule, consisting  of  the  floor  and  ceiling  plans,  the  exterior 
and  interior  elevations,  and  a vertical  section,  all  drawn  to  a 
scale  of  1 inch  = 1 foot. 

The  entrance  doorway  is  constructed  in  a stone  or  brick 
wall,  the  exterior  having  cut-stone  trimmings,  finished  with 
an  angle  mold.  The  entrance,  or  exterior,  door  is  made  in 
two  leaves  with  rebated  central  joint,  each  leaf  being  hung 
flush  with  the  jamb  stop,  and  arranged  to  fold  into  a pocket, 
thus  utilizing  the  full  width  of  the  vestibule.  The  pockets 
are  finished  with  paneled  linings,  and  the  ceiling  is  finished 
with  paneling  to  match  the  doors.  The  vestibule,  or  interior, 
door  is  made  in  one  leaf,  and  fitted  to  rebated  jambs,  and  the 
framing  of  the  door  is  less  in  width  at  the  glass  panel  than 


rntm* 

MMiM 


mmm 


.\\\v-\\'\-'\v 


Wmmm 


' o5 


5-2 


tq  r\i 


-8-/04- 


-10A 


O’Kid) 


&—3-3J- 


. !» 
8-32 


■5-2§- 


- i* 

i 

T 

ft 

$ 

1 

X 

Hjj 

H 

r / 

lUn- 

T 

1 

}■  .<  c 

'l 

ll 

— „ , — — , — , : 

H 

JUNR  £ 5 '.  /893. 


For  notice  of  copyright,  see  page  immediately  following  the  title  page. 


JOKMS7TTITH,  CLASS  VP 4<23 


DETAILS  OF  VESTIBULE. 

Scale  /"=//(. 


§ 14 


ARCHITECTURAL  DRAWING 


25 


below.  The  exterior  trim  of  the  vestibule  door  is  orna- 
mented with  a circular  shaft  and  carved  capital,  which  sup- 
ports a molding;  across  the  top,  and  part  way  down  each 
side,  the  doors  and  paneled  work  are  assumed  to  be  veneered, 
and  are  therefore  considerably  thicker  than  would  be  the 
case  if  they  consisted  of  but  a single  thickness  of  wood.  The 
upper  panels  of  both  the  entrance  doors  and  the  vestibule 
door  are  beveled  plate  glass. 

After  drawing  the  border  line,  commence  Fig.  1,  the  plan 
(which  is  a horizontal  section  on  the  line  A B oi  Fig.  2), 
locating  the  center  line  a b at  a distance  of  3f  inches  from 
the  left-hand  border  line,  and  c d,  the  outer  face  line  of  the 
wall,  at  a distance  of  6^  inches  below  the  upper  border  line. 

Each  half  of  the  plan  is  symmetrical,  and  that  portion  to 
the  left  of  center  line  a b may  be  drawn  first.  As  the  full 
opening  in  the  masonry  is  4 feet  4 inches  wide,  lay  off  one- 
half  of  this  measurement  to  the  left  of  the  center  line  a b, 
and  draw  the  reveal  line  and  the  angle  molding,  as  shown; 
then,  from  the  line  c d,  mark  a series  of  points  on  the 
line  a b defining  the  divisions  of  the  reveal  of  the  jamb  in 
the  masonry,  12|-  inches  for  the  stone  reveal,  5 inches  for  the 
rebate  to  receive  the  door  frame,  and  7^  inches  for  the  rebate 
to  receive  the  pocket  lining  back  of  the  door,  making  the 
total  thickness  of  the  wall  2 feet  1 inch ; draw  the  door 
frame  in  the  rebate  2|-  in.  X 5^  in.  in  section.  The  door  stop, 
which  is  | inch  thick,  laps  over  on  the  stone  and  the  inner 
casing,  which  is  also  \ inch  thick,  covering  the  edge  of 
the  frame;  draw  in  the  entrance  door,  which  is  2-|  inches 
thick  and  passes  -f  inch  behind  the  face  of  the  door  stop. 
Locate  the  center  of  the  hinge  pin,  which  is  assumed  to  be 
| inch  in  diameter,  and  describe  a quarter  circle  indicating 
the  swing  of  the  door,  as  shown ; draw  the  dotted  outline  of 
the  door  in  its  position  when  swung  back  in  the  pocket,  and 
arrange  the  paneled  lining  behind  same ; locate  and  draw 
the  vestibule  door  and  frame,  the  section  of  the  partition, 
casings,  and  trim  by  the  measurements  given;  the  door  is 
2f  inches  thick,  and  the  frame  is  2 inches  thick;  then  draw 
the  angle  shaft  adjacent  to  vestibule  door.  That  portion  of 
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the  plan  to  the  right  of  center  line  a b may  now  he  drawn 
and  the  figure  completed. 

Begin  Fig.  2,  the  left  half  of  which  shows  the  exterior 
elevation  of  the  entrance  door,  while  the  right  half  shows 
the  interior  elevation  of  the  vestibule;  draw  ef,  the  floor 
line,  at  a distance  of  f inch  above  the  lower  border  line;  pro- 
ject the  reveal  of  the  left-hand  jamb  from  Fig.  1,  by  drawing 
the  line  parallel  to  center  line  ab\  lay  off  the  courses  com- 
posing the  stonework  of  the  jamb;  mark  the  height  of  the 
lintel,  and  draw  the  horizontal  lines;  locate  the  center,  and 
describe  the  curve  of  the  corbel  under  the  lintel,  and  from 
the  same  center  draw  a vertical  line  defining  the  end  of  the 
corbel;  project  the  vertical  lines  of  the  angle  molding  from 
Fig.  1,  and  continue  the  molding  around  the  corbel  and 
across  the  door  head  on  the  lintel,  as  shown;  then  mark  a 
series  of  points  on  the  center  line  a b,  defining  the  horizon- 
tal members  of  the  door  framing,  and  draw  the  lines;  mark 
the  width  of  the  framing  and  draw  the  vertical  lines;  lay 
off  the  width  of  the  moldings,  the  chamfers  on  the  edge  of 
the  framing,  and  the  margins  of  the  raised  panels,  and  draw 
the  lines. 

The  student  will  undoubtedly  notice  that  there  are  more 
members  in  the  top  mold  of  the  principal  and  bottom  panels 
than  in  the  bottom  mold.  The  ogee  mold  shown  in  the 
section  continues  around  the  panel,  in  each  case  being  mitered 
at  the  corners.  The  bottom  member,  however,  is  in  each 
panel  a simple  chamfer  so  as  to  readily  shed  water,  and  since 
the  necessity  does  not  arise  so  much  at  the  top  of  the  panel 
the  mold  here  consists  of  a bead  or  half-round  member  hav- 
ing a quirk,  channel,  or  groove  at  its  upper  edge. 

Before  drawing  the  right-hand  portion  of  the  figure,  pro- 
ceed with  Fig.  3,  the  vertical  section  of  the  vestibule,  by 
drawing  c' d' , the  face  line  of  wall,  at  a distance  of  finch 
from  the  right-hand  border  line ; produce  e f the  general 
floor  line,  from  Fig.  2,  and  on  it  mark  a series  of  points 
defining  the  vertical  lines  of  the  stone  reveal  and  jamb  stop, 
the  paneled  lining  of  the  door  pocket,  the  shaft  and  hood 
mold  composing  the  exterior  trim  of  the  vestibule,  the  door 
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frame,  interior  trim,  etc.,  and  draw  them;  on  the  line  c' d' 
mark  a series  of  points  defining  the  horizontal  divisions  of 
the  paneled  lining,  the  shaft  with  its  base,  band,  and  capital, 
the  head  of  the  door  frame,  hood  mold,  ceiling  paneling, 
angle  molds,  etc.,  and  draw  the  lines;  draw  the  angle  mold 
at  the  ceiling  and  on  the  stone  jamb  by  means  of  the  bow- 
pencil,  the  carved  capital  of  the  shaft,  the  pedestal  band,  and 
the  other  moldings  to  be  drawn  freehand;  draw  the  floor 
line  of  the  vestibule,  which  has  a pitch  of  f inch  from  the 
saddle  of  the  vestibule  door,  and  also  draw  the  line  of  the 
platform  in  front  of  the  door  step,  and  complete  the  figure. 

Now  draw  the  right-hand  portion  of  Fig.  2,  the  interior 
elevation  of  the  vestibule  taken  on  the  line  E F oi  Fig.  1; 
project  the  horizontal  lines  from  Fig.  3,  and  the  vertical 
lines  from  Fig.  1 ; arrange  the  paneling  in  the  framing  as 
shown;  project  the  horizontal  lines  of  the  door  framing  from 
the  entrance  door;  mark  the  width  of  the  vertical  framing 
and  the  top  rail,  and  draw  the  lines;  draw  the  molded  and 
carved  work  and  complete  the  figure. 

Begin  Fig.  4,  the  plan  of  the  ceiling,  as  seen  from  below, 
and  taken  on  the  line  c d,  of  Fig.  2,  by  drawing  the  center 
line  a'  b' , at  a distance  of  3f  inches  from  the  upper  border 
line;  project  the  vertical  lines  from  Fig.  3,  and  from  the  cen- 
ter line  a ' b'  lay  off  and  draw  the  horizontal  divisions  of  the 
paneling,  the  door  frame,  hood  mold,  door  pockets,  etc.,  and 
complete  the  figure. 


DRAWING  PLATE,  TITLE  : STEEL  COLUMNS  AND 
CONNECTIONS 

1£.  In  this  plate  are  shown  two  designs  of  columns  used 
in  the  construction  of  modern  office  buildings,  and  a com- 
mon method  of  connecting  the  floorbeams  to  the  columns  is 
shown.  A side  view  and  a front  view  of  each  design  is  given, 
and  as  it  would  manifestly  be  impossible  to  draw  the  col- 
umns in  their  full  length,  and  since,  besides,  it  would  not 
serve  any  useful  purpose  to  do  so,  a part  of  the  column 
between  the  base  and  the  floorbeam  connection  is  broken 
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away.  When  this  is  done,  it  is  understood  that  the  part 
broken  away  is  similar  to  the  ends  of  the  column  next  to 
the  break,  which  in  this  case  is  indicated  by  drawing  a line 
consisting  of  a long  dash  and  two  dots  across  the  column. 
Among  mechanical  draftsmen  it  is  customary  to  indicate 
a break  by  a wavy  freehand  line,  but  many  architectural 
draftsmen  indicate  a break  in  the  manner  shown  in  this 
plate.  The  student’s  attention  is  also  called  to  the  fact 
that  the  style  of  lettering  used  for  the  title  and  notes 
differs  somewhat  from  the  preceding  plates.  The  construc- 
tion of  the  letters  in  both  the  title  and  the  notes  is  explained 
in  Geometrical  Drawing.  The  lettering  on  this  plate  is 
more  consistent  with  the  class  of  work  shown,  but  the 
student  may  use  the  more  ornamental  type  for  the  head- 
ing and  the  single  line  italics  for  the  notes  employed  on 
the  other  plates,  if  he  prefers. 

In  the  design  shown  in  Fig.  1 of  the  plate,  and  in  per- 
spective in  Fig.  4 (a),  the  column  consists  of  two  15-inch 
channels  a , a placed  back  to  back  and  tied  together  by 
cover-plates  b,  b,  12  inches  wide.  The  column  is  supported 
on  a steel  bedplate  24"  X 25"  X f",  to  which  it  is  attached 
by  side  plates  e,  e and  angle  irons  d,  d riveted  securely  to 
the  bedplate.  Each  channel,  for  further  security,  is  tied 
to  the  bedplate  by  an  angle  iron,  as  e.  The  column  supports 
two  pairs  of  longitudinal  floorbeams  f,  f,  f,  f and  two  trans- 
verse floorbeams  g,  g.  Each  pair  of  longitudinal  floor- 
beams  is  supported  on  a horizontal  bracket  made  from  a 
5"  X 5"  angle  iron  h,  and  stiffened  by  two  4"  X 3"  angle 
irons  z,  i placed  back  to  back.  A filling  piece  j is  placed 
between  the  cover- plate  and  the  lower  part  of  the  angles  z,  z. 
The  longitudinal  floorbeams  are  tied  on  top  to  the  column 
by  a 5"  X 5"  angle  iron  k.  Each  transverse  floorbeam  rests 
on  a bracket  made  from  a 4"  X 6"  angle  iron  /,  stiffened  by 
a 3"  X 2\"  angle  iron  in,  placed  as  shown.  A 4"  X 4"  angle 
iron,  as  zz,  ties  the  top  of  these  floorbeams  to  the  column 
by  means  of  two  f-inch  bolts.  The  column  is  made  in 
sections,  the  lower  section  being  22'  8"  high.  The  upper 
section  is  spliced  to  the  lower  section  by  the  vertical  splice 
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plates  o,  o,  a horizontal  splice  plate  />,  and  5"  X 3"  angle 
irons  q,  q. 


The  column  shown  in  Fig.  2 of  the  plate,  and  in  perspec- 
tive in  Fig.  4 (/;),  is  built  up  from  four  Z bars  a,  a,  a,  a 
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securely  riveted  to  a web-plate  b.  Since  the  edge  a'  is  the 
dark  edge  of  a recess,  it  should  be  shaded,  according  to  the 
rules  of  shading.  On  referring  to  Fig.  2 of  the  plate  it  will 
be  found  that  the  line  corresponding  to  a',  Fig.  4 (/;),  is 
made  a light  line  instead  of  a shade  line,  as  it  should  be. 
This  is  a conventionalism  adopted  frequently  by  experienced 
draftsmen,  who  will  omit  a shade  line  when  its  presence  will 
render  the  drawing,  or  part  of  it,  indistinct  instead  of  clearer. 
It  is  readily  seen  that  if  the  line  mentioned  is  shaded 
on  Fig.  2 of  the  plate,  it  will  not  be  possible  to  show  cor- 
rectly the  thickness  of  the  web  of  the  I beam;  hence  the 
line  is  left  light.  The  column,  as  shown  in  Fig.  4 (b),  is 
supported  on  a steel  bedplate  21f " X 31£"  X f",  to  which  it 
is  attached  by  the  side  plates  c,  c and  angle  irons  d,  d.  For 
further  security  each  pair  of  Z bars  is  tied  to  the  bedplate 
by  an  angle  iron,  as  e.  Two  pairs  of  longitudinal  floor- 
beams  f f f,  f and  two  transverse  floorbeams  g,  g are  con- 
nected to  the  column  in  practically  the  same  manner  as  those 
shown  in  Fig.  4 (<•?).  A slight  difference  in  the  construction 
of  the  brackets  supporting  the  longitudinal  floorbeams  will 
be  noticed.  Instead  of  using  a single  filling  piece  under 
the  two  stiffeners  //,  //,  a separate  filling  piece,  as  at  i,  i,  is 
used  under  each  stiffener.  Each  transverse  floorbeam  is 
supported  on  a bracket  made  from  a 4"  X 6''  angle  iron 
stiffened  by  a 3"  X angle  iron,  and  is  tied  on  top  by 
a 4"  X 4"  angle  iron  riveted  to  it  and  bolted  to  the  column. 
This  column,  like  the  other  column,  is  built  in  sections,  the 
upper  section  being  spliced  to  the  lower  section  by  two 
vertical  splice  plates,  one  horizontal  splice  plate,  and  angle 
irons.  It  will  be  noticed  that  the  manner  in  which  the 
splice  is  made  is  identical  with  that  used  to  splice  the  sections 
of  the  column  shown  in  Fig.  4 (<?). 

In  the  drawings  there  will  be  noticed  several  convention- 
alities. There  are  a number  of  rivet  holes  shown  black  in 
the  side  views  (the  views  having  the  center  lines  c d and  g h) 
of  both  designs.  This  indicates  to  the  shop  men  that  the 
rivets  destined  for  these  holes  are  so-called  field  rivets;  that 
is,  they  are  to  be  driven  in  at  the  place  where  the  structure 
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is  being  erected  and  after  the  columns  are  in  place.  The 
position  of  the  field  rivets  is  indicated  in  the  front  views 
(the  views  having  the  center  lines  a b and  e f ) by  blacken- 
ing in  the  position  of  the  holes.  According  to  the  rules  of 
drawing,  their  position  would  be  shown  by  dotted  lines,  but 
the  conventionalism  of  blackening  in  is  resorted  to  as  better 
calling  the  attention  of  the  workmen  to  the  fact  that  the 
rivets  destined  for  these  holes  are  field  rivets.  This  com- 
mon usage  is  departed  from  only  in  the  case  where  the  parts 
through  which  the  field  rivets  pass  are  hidden  behind  some 
other  parts  of  the  structure.  Thus,  referring  to  the  front 
view  of  Fig.  1,  field  rivets  are  shown  as  passing  through  the 
plate  and  two  angle  irons  at  the  splice,  and  as  neither  the 
plate  nor  the  angle  irons  are  hidden,  their  position  is  shown 
in  black.  In  the  side  view,  however,  the  horizontal  plate  at 
the  splice  is  hidden  behind  the  splice  plate,  and  the  angle 
irons  are  hidden  behind  the  splice  plate  and  the  legs  of  the 
channels;  consequently,  the  field-rivet  positions  are  shown 
in  this  view  by  dotted  lines. 

All  the  rivets  that  are  to  be  driven  in  the  shop  where  the 
column  is  made  are  shown  in  position;  in  some  drawing 
rooms,  in  order  to  save  time,  the  rivets  are  omitted,  their 
position  being  merely  indicated  by  two  center  lines.  In 
order  to  show  the  rivets  clearly,  their  heads  are  shaded  a little 
in  the  manner  shown,  using  the  bow-pen  for  the  shading. 

The  dimensions  of  the  channels,  I beams,  and  Z bars  are 
not  given  in  detail,  this  not  being  necessary  on  a working 
drawing.  All  that  is  required  is  to  give  the  size  of  the  chan- 
nel, etc.  The  notes  giving  the  sizes  are  read  as  follows: 
On  the  front  view  of  the  left-hand  design  we  find  a note 
“ 2-15"-33-22/-7§,/  [s’;  this  means  two  15-inch  channels, 
33  pounds  per  foot  of  length,  22'  7§"  long.  The  note  on  the 
front  view  of  the  right-hand  design,  ‘ ‘ 4-6"  X 3|-"-22. 7-Z  Bars,  ’’ 
means  that  four  Z bars  having  a depth  of  6 inches,  legs 
31  inches  wide,  and  weighing  22. 7 pounds  per  foot  of  length 
are  to  be  used.  The  note,  “ 2-12"-40-I  Beams,”  means  that 
two  12-incli  J beams  weighing  40  pounds  per  foot  of  length 
are  to  be  used.  The  note,  “4"  x 3£"  x X 11£"  Angle,” 
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means  that  an  angle  iron  with  legs  measuring  4 inches 
and  3|-  inches,  T7¥  inch  thick,  and  11£  inches  long  is  to 
be  used. 

In  order  to  aid  the  student  in  drawing  the  various  parts 

the  dimensions  of  which 
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inch,  taking  .19  = .24  = 


are  not  fully  given  on 
the  plate,  sectional 
views  of  them,  fully 
dimensioned,  are  given 
in  Fig.  5 of  the  text. 
The  section  of  the 

10  - inch  I beam  is 
given  in  Fig.  5 (a),  of 
the  12-inch  X beam  in 
Fig.  5 ( b ),  of  the  15-inch 
channel  in  Fig.  5 (r), 
and  of  the  Z bar  in 
Fig.  5 (d). 

In  Fig.  5 (tf),  (b), 
and  ( c ),  the  dimensions 
are  given  in  decimals, 
or  as  they  appear  in  the 
catalogue  of  the  rolling 
mill.  Since  it  is  practi- 
cally impossible  to  lay 
off  these  decimal  dimen- 
sions to  a scale  of 

11  inches  = 1 foot,  it  is 
recommended  to  use  the 
nearest  sixteenths  of  an 

28  = i,  .31  = r%,  .40  = |, 


.41  = T\,  .40  = .50  = TV  .60  = 11,  .07  - H>  -36  - b 

.90  = b 

All  rivets  in  these  two  designs  are  f inch  diameter, 
having  a head  1^  inches  in  diameter  and  T9g  inch  high.  The 
holes  to  receive  the  rivets  are  generally  punched  inch 
larger  than  the  shank  of  the  rivet  (the  size  of  a rivet  is 
denoted  by  the  diameter  of  the  shank  before  the  rivet  is 
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driven),  so  that  the  rivet  holes  for  f-inch  rivets  are  punched 
if  inch  diameter.  As  a matter  of  course,  the  rivet  when 
driven  fillshhe  hole,  so  that  the  driven  size  of  a rivet  = nomi- 
nal size  ye  inch. 

To  draw  the  plate,  begin  by  drawing  the  center  lines, 
locating  ab,  c d,  ef  and  g h respectively  21zg-//,  lOff",  and 
14tV'  from  the  left-hand  border  line.  The  top  line  K L of 
the  floorbeams  is  to  be  located  7^"  and  the  bottom  ij  of 
the  bases  if"  above  the  lower  border  line.  The  floorbeams 
are  shown  broken  off,  and  should  be  made  about  the  same 
length  in  proportion  to  their  depth  as  they  appear  on  the 
plate. 

The  reference  letters  printed  in  bold-face  italics  are  to  be 
omitted  on  the  drawing  made  by  the  student. 


DRAWING  PLATE,  TITLE:  FIRST-STORY  PLAN 

13.  The  five  following  plates  will  be  devoted  to  the 
general  drawings  and  details  of  a two-story  briek-and- 
frame  suburban  residence.  The  next  plate,  the  first- 
story  plan,  is  to  be  drawn  to  a scale  of  \ inch  = 1 foot. 
This  is  what  is  called  a zvorking  drawings  and  shows  the 
form  in  which  a house  plan  should  be  drawn  and  figured,  in 
order  to  estimate  the  material  and  erect  the  building. 

Begin  by  drawing  the  center  line  ab  at  a distance  of 
inches  from,  and  parallel  to,  the  left-hand  border  line; 
draw  the  center  line  c d at  right  angles  to  it  and  at  a distance 
of  inches  from  the  lower  border  line ; then  draw  the  center 
line  cf  parallel  to  cd  and  at  a distance  from  it,  by  scale,  of 
2 feet  inches.  These  center  lines  will  cgnstitute  the  base 
lines  of  measurement,  from  which  the  arrangement  of  the 
plan  will  be  developed.  Measurements  from  these  lines  to 
locate  points  must  always  be  on  a line  at  right  angles  thereto. 
To  locate  the  exterior  angles  of  the  building,  proceed  as 
follows:  Beginning  with  in,  measure  15  feet  from  center 
line  c d,  at  right  angles  to  it,  and  draw  the  face  line  in  n of 
front  wall;  then  from  a point  23  feet  lOf  inches  from  center 
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line  a b,  draw  the  face  line  of  the  return  wall  mp' ; the  inter- 
section of  the  two  face  lines  will  locate  angle  in.  The  lines 
should  first  be  drawn  to  an  indefinite  length,  their  limits 
being  defined  as  the  angles  are  located.  At  a distance  of 
5 feet  7^  inches  from  center  line  a b,  locate  n on  the  face  line 
of  front  wall ; from  n draw  line  n o at  right  angles  to  line  in  n , 
and  at  a distance  of  18  inches  from,  and  parallel  to,  line  inn 
draw  the  face  line  op  of  wall.  Locate  / at  a distance  of 
22  feet  inches  from  center  line  a b.  From  the  point/) 
just  found,  draw  the  face  line  of  the  wall  p q at  right  angles 
to  line  op  for  a distance  of  20  feet  1 inch;  thence,  at  right 
angles  to  line  p q and  parallel  to  line  e f lay  off  a distance 
of  12  inches  to  r.  Draw  face  line  of  wall  r s parallel  to  cen- 
ter line  a b,  s being  at  a distance  of  16  feet  5 inches  from  r; 
then  draw  face  line  of  wall  s t 10  feet  5^  inches  long  and 
parallel  to  center  line  e f.  At  t the  wall  recedes  19  inches; 
draw  til  at  right  angles  to  line  st\  draw  u v parallel  to  s t 
7 feet  8 inches  long  from  angle  u ; draw  vw  equal  and  par- 
allel to  t u\  draw  w x in  line  with  s t,  and  lay  off  x 5 feet 
lOf  inches  from  w.  Draw  face  line  x y parallel  to  center 
line  a b,  locating/  3 feet  from  x ; from y draw  face  line/  z par- 
allel to  center  line  c f z being  4 feet  6 inches  from  angle  /. 
From  angle  z parallel  to  center  line  ab  draw  face  line  of 
wall  z in’ , in'  being  at  a distance  of  5 feet  G inches  from  angle  z. 
From  in'  draw  the  face  line  of  wall  in'  n'  parallel  to  center 
line  c d,  n'  being  at  a distance  of  21  feet  from  angle  in'. 
From  1 1'  draw  face  line  of  wall  n'  o'  parallel  to  center  line  a b, 
o'  being  at  a distance  of  lo  feet  from  angle  n' . From  o' 
draw  face  line  of  wall  o' p'  parallel  to  center  line  c d,  p'  being 
at  a distance  of  2 feet  6 inches  from  angle  o'.  The  inter- 
section of  line  o' p'  with  line p'  in  will  locate  angle  p' . 

The  angles  defining  the  main  outline  of  the  building  being 
now  located,  proceed  to  establish  the  face  lines  of  the  bay 
window  in  the  parlor  and  the  curved  wall  of  the  library. 
Draw  the  center  line  of  the  bay  window  at  a distance  of 
9 feet  9 inches  from,  and  parallel  to,  face  line  mp' ; then  draw 
front  face  line  of  window  3 feet  from,  and  parallel  to,  face 
line  in  n. 
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At  a distance- of  3 feet  from  each  side  of  the  center  line, 
and  on  the  face  line  of  window,  locate  the  angles.  At  a 
distance  of  0 feet  from  each  side  of  the  center  line 
locate  points  q'  and  r' , and  draw  from  each  of  these  points  a 
line  at  right  angles  with  face  line  inn\  the  intersection  of 
these  lines  with  in  n will  form  the  reentering  angles  of  the 
window.  To  locate  the  center  from  which. the  curved  wall 
of  the  library  is  described,  measure  5 feet  on  the  face“line  of 
wall  op  from  angle  p and  mark  a point;  on  face  line  / q 
measure  5 feet  from  angle  p and  mark  a point ; from  each  of 
these  points,  and  at  right  angles  to  the  lines  on  which  they 
are  marked,  draw  an  indefinite  line;  these  lines  will  intersect 
at  s'.  From  s'  as  a center,  with  a radius  of  G feet  G inches, 
describe  an  arc  which  will  intersect  the  face  lines  o p 
and  pq  as  indicated.  Now  draw  the  face  line  and  returns 
of  the  entrance  doorway.  The  face  line  advances  5 inches 
from  the  wall-face  line  in  n.  Draw  the  center  line  of  door- 
way parallel  to  and  2 feet  2%  inches  from  the  center  line  a b, 
and  locate  the  jamb  stones  as  shown;  the  width  of  the  open- 
ing being  3 feet  5 inches,  the  distance  of  each  jamb  from  the 
center  line  will  be  one-half  of  this,  or  20^  inches.  Make  the 
width  of  each  jamb  on  the  face  line  12  inches,  and  draw  in 
the  returns  at  right  angles  from  the  face  line.  The  com- 
plete outline  of  the  building  proper  being  now  finished, 
draw  the  inner  face  line  of  all  the  walls  already  outlined, 
noting  carefully  that  the  thickness  given  for  brick  walls  is 
12  inches,  and  for  timber  walls  7 inches.  (The  thickness  of 
brick  walls  varies  from  12  inches  to  13  inches,  according  to 
the  size  of  brick  used.  The  former  is  here  adopted.)  Set 
the  bow-pencil  to  12  inches  by  scale,  and  draw  a quadrant 
arc  at  the  angles  in,  n,  o,p , q,  etc.,  taking  the  vertex  of  the 
angle  as  the  center;  tangent  to  these  arcs  and  parallel  to 
the  face  lines,  draw  the  inner  face  lines  of  walls.  The  inter- 
section of  these  lines  will  define  the  interior  angles.  The 
position  of  the  plaster  line  in  the  rooms  should  be  determined 
in  the  same  manner  by  increasing  the  radius  to  describe  the 
arcs  to  14  inches,  which  will  be  an  allowance  of  2 inches  for 
furring  and  plastering.  The  width  of  the  clear  opening  for 
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the  bay  window  being  9 feet  G inches,  measure  4 feet  9 inches 
from  each  side  of  the  center  line ; this  will  give  the  reveal 
line  which  intersects  with  the  side  wall  of  window.  Follow 
the  same  method  for  laying  off  the  thickness  of  timber  walls, 
which  is  7 inches,  of  which  5 inches  is  allowed  for  the  wall 
studs,  or  uprights,  1 inch  for  outer  boarding,  and  1 inch  for 
plastering.  It  will  be  observed  that,  at  the  junction  of  the 
timber  walls  with  the  brick  walls,  a recess  is  formed  in 
the  brickwork  to  allow  the  timber  wall  to  pass  over  it;  this 
forms  an  air-tight  connection  and  a secure  joint. 

Having  finished  the  outer  walls,  proceed  to  locate  the  inner 
walls,  or  partitions , as  they  are  called.  Draw  the  center  line 
of  the  partition  to  the  left  of  the  center  line  a l>,  5 feet  from 
and  parallel  to  it.  Since  this  partition  is  14  inches  thick,  lay 
off  7 inches  on  each  side  of  the  center  line,  and  draw  the 
face  lines  of  partition  parallel  to  the  centerline.  Now  draw 
the  brickwork  of  the  chimney  construction,  first  laying  off  the 
dimensions  on  each  side  of  the  center  line  cd  to  locate 
the  fireplace  in  the  hall;  after  which  mark  off  the  width  of 
brickwork,  which  extends  into  the  rooms  from  the  face  of 
the  partition  3 feet  4f  inches,  as  shown.  Make  this  line  par- 
allel to  center  line  a b,  and  on  it  lay  off  on  each  side  of  c d a 
distance  of  3 feet  Ilf  inches,  drawing  through  the  extrem- 
ities lines  parallel  to  the  center  line  c d.  From  the  points  of 
intersection  of  these  lines  with  the  walls,  draw  the  face  line 
of  the  room  fireplaces  at  an  angle  of  45°;  on  each  side  of  the 
diagonal  that  defines  the  center  line  of  the  fireplaces,  lay  off 
one-half  of  the  opening,  which  will  be  15  inches.  Make  the 
depth  of  the  fireplace  12  inches,  and  draw  the  position  of  the 
ash  chute  in  each  fireplace  and  the  flues  in  the  brickwork, 
the  flue,  which  is  10  inches  in  diameter,  being  a hot-air 
duct,  and  the  S^XS"  flue  being  for  the  furnace  in  the  cellar. 
Draw,  also,  the  outline  of  the  hearths,  taking  sizes  with  the 
dividers,  which,  applied  on  the  scale  at  the  bottom  of  the 
drawing,  will  give  the  measurement.  It  will  be  observed 
that  the  wing  wall  of  the  brickwork  is  extended  to  the  jamb 
of  the  parlor  doorway,  while  on  the  opposite  side  the  wall  is 
constructed  to  form  the  pocket  for  the  sliding  door.  The 
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line  which  is  drawn  1 inch  from  face  of  brickwork  indicates 
the  face  line  of  plastering.  * Now  draw  the  partition  between 
dining  room  and  parlor,  the  face  lines  of  which  will  be 
7 inches  from  the  center  line  c d,  and  also  the  partitions 
enclosing  the  closets  in  dining  room  to  dimensions  shown ; 
the  dotted  lines  connecting  same  denote  the  ceiling  beam 
overhead. 

No  door  or  other  openings  should  be  located  in  the  par- 
titions until  they  are  all  drawn  in.  Now  draw  the  center 
line  of  the  hall  and  kitchen  partition  to  the  right  of  the 
center  line  a b,  which,  as  shown,  is  4 feet  8 inches  from  ab; 
from  this  line,  lay  off  on  each  side  3 inches,  which  is  one-half 
of  the  thickness  of  the  partition,  and  draw  the  face  lines 
parallel  to  a b. 

Now  draw  the  center  line  of  the  partition  in  which  the 
vestibule  door  is  located,  which  in  this  case  is  4 feet  4 inches 
from  outer  face  line  of  wall,  and  layoff  the  face  lines  of  par- 
tition by  the  process  already  described  ; afterwards  draw  the 
vestibule  pai'tition  parallel  to  center  line  a b.  Then  draw 
the  center  line  and  locate  the  partition  between  the  butler’s 
pantry  and  hall  from  the  dimensions  given,  and  also  draw  in 
the  partitions  that  enclose  the  pantry.  Now  locate  the  ceil- 
ing beams  in  the  hall,  which  are  denoted  by  the  dotted  lines 
on  the  plan.  From  the  center  line  e f lay  off  on  each  side, 
at  a distance  of  4 feet  1^  inches,  the  center  lines  of  the  stair- 
hall  partitions,  and  make  these  partitions  of  the  thickness 
shown.  Now  draw  the  partitions  enclosing  the  kitchen 
stairway  from  the  dimensions  given,  first  locating  the  center 
lines,  afterward  drawing  the  partitions  enclosing  the  two 
closets  in  the  angles  of  the  kitchen,  as  shown.  Then  draw 
in  the  brickwork  of  the  kitchen-chimney  construction,  first 
locating  the  center  line  of  the  fireplace  7 feet  from  and  par- 
allel to  the  outer  face  line  of  the  wall,  and  lay  off  the  face 
line  of  the  fireplace  2 feet  10  inches  from  the  outer  wall  face, 
on  which  mark  the  jamb  lines  23  inches  from  the  center  line, 
and  their  width  on  the  face  of  12  inches.  From  the  face 
line  of  the  fireplace  lay  off  the  depth  20  inches,  drawing  the 
jamb  lines  parallel  to  the  center  line,  and  make  the  thickness 
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of  the  back  wall  8 inches,  which  will  bring  the  brickwork 
against  the  studs  of  the  framework  of  wall,  as  shown. 
Increase  the  width  of  jamb  in  the  closet,  and  construct  an 
8"  X 8"  flue,  the  least  thickness  of  the  wall  shown  being 
4 inches.  This  flue  is  arranged  for  the  laundry  stove. 

Having  now  finished  the  outline  of  the  partitions,  proceed 
to  locate  the  door  openings  in  them;  where  they  are  on,  or 
adjacent  to,  center  lines,  always  measure  from  them;  other- 
wise, find  their  positions  from  the  angles  of  the  room  by  the 
dividers,  which,  applied  to  the  scale  on  the  engraving,  will 
establish  their  correct  position  on  the  drawing.  First  find 
the  position  of  the  jamb  next  to  the  adjacent  angle,  set  the 
dividers  to  the  width  of  the  door,  and  lay  off  the  opposite 
jamb.  Note  carefully  that  the  center  line  of  the  sliding-door 
opening  between  dining  room  and  parlor  is  in  line  with  the 
center  line  of  bay  window;  that  the  center  of  vestibule  door 
is  in  line  with  that  of  the  entrance  doorway;  that  the  center 
line  of  the  door  opening  between  hall  and  library  is  the 
diagonal,  drawn  at  an  angle,  of  45°  from  the  intersection  of 
the  hall  side  of  the  partitions.  The  center  line  of  the  door 
to  butler’s  pantry  is  on  the  center  line  a b ; the  center  line  of 
the  door  from  hall  to  parlor  is  midway  between  the  ceiling 
beam  and  the  vestibule  partition.  It  will  be  observed  that 
the  jambs  for  folding  doors  are  rabbeted,  or  checked,  for  the 
full  thickness  of  the  door,  so  that  the  opening  is  1 inch  less 
than  the  width  of  the  door,  that  is,  ^ inch  advance  on  each 
side.  After  the  openings  for  folding  doors  are  located,  draw 
in  the  arcs  with  dotted  lines,  as  shown,  defining  the  edge  on 
which  the  door  is  hung,  and  draw  in  the  full  line  denoting 
the  open  door,  as  shown,  at  an  angle  of  45°  from  the  wall 
face.  The  size  and  thickness  of  doors  are  not  to  be  written 
in  until  all  the  line  work  is  completed.  The  double-action 
door  between  the  butler’s  pantry  and  the  dining  room  is 
shown  with  a large  arc,  which  denotes  the  double  swing  of 
the  door.  Draw  in  the  position  of  sliding  doors  in  their 
respective  openings  with  dotted  lines  and  the  pockets  in  par- 
titions for  their  reception,  and  draw  the  sash  openings  on 
each  side  of  hall  door  to  butler’s  pantry,  as  shown. 
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Having-  completed  the  openings  in  the  partitions,  proceed 
to  draw  the  main  stairway.  First  draw  the  center  line  of 
the  straight  portion  of  the  hand  rail  of  the  first  flight,  which 
is  3 feet  ti  inches  from  and  parallel  to  the  face  line  of  par- 
tition. From  this  center  line  lay  off  the  center  line  of  the 
rail  of  return  flight,  which  is  12  inches  from  it  and  forms 
what  is  called  the  zvell  of  the  stairs.  Then  draw  the  center 
line  of  the  platform  newels,  which  is  3 feet  0 inches  from,  and 
parallel  to,  the  wall  face.  From  this  center  line  measure  a 
distance  of  7 feet  on  the  centerline  of  the  first-flight  hand  rail, 
and  mark  a point.  This  will  define  the  limit  of  the  straight 
portion,  or  tangent.  At  this  point  erect  a perpendicular 
line,  on  which  lay  off  a distance  of  6 feet  li  inches.  With 
this  length  as  a radius,  describe  the  curved  center  line  of 
hand  rail,  as  shown ; at  the  point  where  the  curve  leaves  the 
tangent,  with  a radius  of  3 feet,  describe  an  arc  intersecting 
the  first  curve,  which  will  define  the  center  of  the  start  newel, 
which  is  7 inches  square.  Draw  this  newel  by  first  descri- 
bing a circle  7 inches  in  diameter;  then  draw  the  square  out- 
line. The  face  against  which  the  hand  rail  abuts  will  be  on 
a radial  line  of  the  first  curve.  Draw  the  adjacent  faces 
perpendicular  to  it,  and  the  opposite  faces  parallel  to  it. 
Now  locate  the  platform  newels  and  the  newel  at  the  floor 
landing,  which  are  5 inches  square,  by  describing  circles 
5 inches  in  diameter,  and  then  circumscribing  squares.  It 
will  be  observed  that  the  center  of  the  newels  is  at  the  inter- 
section of  the  riser  lines  with  the  center  lines  of  the  hand 
rail.  Next  draw  in  the  lines  that  represent  the  risers. 
Beginning  at  the  center  line  of  the  platform  newels,  lay  off, 
with  the  dividers  set  to  10  inches,  the  width  of  step,  or  tread, 
between  riser  and  riser,  on  the  center  line  of  the  hand  rail  of 
the  first  flight,  a series  of  points,  as  far  as  the  straight  risers 
extend.  From  these  points  draw  in  the  riser  lines  at  right 
angles  to  the  center  line  of  the  hand  rail  and  project  them  over 
to  the  second  flight,  as  shown.  Now  draw  the  curved  riser 
lines  by  first  locating  their  intersection  with  the  curved 
center  line  of  the  hand  rail,  and  then  draw  a line  in  the  cen- 
ter of  the  width  of  the  stairs,  finding  their  width  on  this 
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line  by  applying  the  dividers  to  the  scale  on  the  engraving. 
Mark  these  points  on  the  drawing ; then  mark  the  points  that 
define  the  width  at  the  partition  line.  Three  points  having 
been  plotted  for  each  curved  riser,  join  them  with  an  irreg- 
ular curve.  Draw  the  outer  line  around  the  start  newel, 
which  indicates  the  base  on  it,  and  from  the  center  line  of 
the  hand  rail  lay  off  the  fine  lines  that  indicate  the  members 
of  the  hand  rail.  Draw  them  parallel  to  the  center  line. 
Break  off  with  an  irregular  line,  as  shown,  which  denotes 
the  finished  stair  broken  off  to  allow  the  floor  arrangement 
underneath  to  be  shown.  Draw  in  the  paneled  partitions 
that  enclose  the  lavatory,  including  the  doorway.  It  will  be 
observed  that  the  stair  lines  beyond  this  break  are  shown  in 
dotted  outline,  which  denotes  that  they  are  represented  in  a 
plane  occupying  a higher  level  than  that  on  which  the  other 
objects  are  shown.  The  representation  of  this  stairway  is 
now  complete  so  far  as  the  requirements  of  the  floor  plan  are 
concerned.  Now  draw  the  portions  of  the  stairway  from 
kitchen  to  landing  level  of  main  stairway  and  the  stairway 
to  cellar  as  shown.  Begin  by  locating  the  first  rectangular 
step  at  a distance  of  2 feet  9 inches  from  and  parallel  to  the 
partition  opposite.  Then  lay  off  6 feet  from  the  step, 
dividing  this  line  into  eight  equal  parts.  From  the  points 
marked,  draw  in  the  riser  lines  parallel  to  the  first  step 
drawn,  or  perpendicular  to  center  line  e f Draw  in  the 
irregular  line,  which  forms  a break  in  this  flight  to  allow  a 
portion  of  the  cellar  stairway  to  be  shown.  As  the  risers  of 
the  cellar  stairway  are  on  the  same  plane  as  the  upper  stair- 
way, the  same  lines  will  serve  for  both  stairways.  This  will 
appear  clearer  when  the  second-story  plan  is  drawn.  Observe, 
however,  that  the  width  of  the  cellar  stairway  is  reduced 
1-g-  inches,  owing  to  the  extra  thickness  of  the  brick  partition 
in  the  cellar.  Now  draw  the  risers  of  the  winding  treads; 
find  the  larger  width  at  the  wall  faces  by  the  dividers 
applied  to  the  scale  on  the  engraving,  and  mark  the  points 
on  the  drawing.  Next  find  the  width  of  the  door  jamb 
by  the  same  process,  and  mark  the  points  on  the  draw- 
ing. Connect  these  points  with  those  previously  found,  to 
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indicate  the  riser  lines.  The  first  riser  will  be  immediately 
behind  the  door,  and  as  there  will  be  no  nosing  on  this  tread, 
the  riser  line  will  be  in  the  position  shown.  The  arrows 
indicate  the  direction  towards  which  the  stairs  ascend. 

Now  locate  the  door  and  window  openings  in  the  exterior 
walls.  Begin  with  the  bay  window.  The  front  opening 
being  4 feet  wide,  take  2 feet  on  each  side  of  the  center  line ; 
mark  these  points  on  the  face  line  of  the  wall.  Next  draw 
the  window-frame  lines,  which  indicate  its  thickness ; the  outer 
line  of  frame,  being  4 inches  in  from  the  outer  face  line  of 
the  brickwork,  forms  on  the  jamb  what  is  called  the  reveal 
of  the  opening.  Mark  this  point  and  another  point  to  indi- 
cate the  thickness  of  the  frame,  which  is  7 inches.  Through 
these  points  draw  two  parallel  lines.  Now  draw  the  reveal 
lines  at  each  side  of  the  opening.  It  will  be  observed  that 
the  window  frame  passes  3 inches  into  the  wall  beyond  the 
reveal  line;  or,  in  other  words,  the  width  of  the  window 
frame  is  6 inches  wider  than  the  daylight  opening  in  the 
brickwork.  Mark  this  3 inches  on  each  jamb  and  erect  a 
perpendicular  line  extending  to  the  full  thickness  of  the 
brickwork.  This  will  form  a check  in  the  jamb,  which  will 
allow  the  frames  to  be  put  in,  after  the  brickwork  is  erected, 
if  desired,  or  to  be  taken  out  and  renewed  when  necessary. 
Now  draw  the  jamb  line  of  the  window  frame,  which 
advances  2 inches  from  the  brick  reveal  line  on  each  side; 
divide  the  width  of  window  frame  into  three  equal  parts  and 
draw  in  two  parallel  lines  between  the  jamb  lines,  as  shown. 
The  jambs  of  window  frames  are  called  pulley  stiles,  as  the 
pulleys  that  the  sash  cords  work  over  are  located  near  the 
top  of  them.  It  will  be  observed  that  the  furring  and  plas- 
tering space  of  2 inches  finishes  against  the  frame  forming 
the  inner  reveal,  but,  instead  of  the  plastering,  it  is  usual 
to  insert  wooden  jamb  linings,  which  assume  the  position  of 
the  plastering.  Now  draw  the  side  openings  of  the  bay 
window,  locating  them  by  the  diagonal  lines  that  are  on  the 
center  lines  of  the  openings,  and  fill  in  the  window  frames 
by  the  method  explained  in  detail  for  the  front  window. 
Now  locate  the  center  lines  of  all  the  window  openings  in 
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the  brick  walls,  from  the  lines  and  dimensions  given  on  the 
plan,  and  draw  the  openings  in  the  brickwork  from  these 
centerlines;  fill  in  the  window  frames  and  the  inner  reveals. 
In  drawing  the  window  openings,  starting  at  the  bay  win- 
dow, work  towards  the  right  and  follow  around  the  wall, 
finishing  them  in  regular  order  before  starting  those  in  the 
other  walls.  It  will  be  observed  that  the  frames  in  the 
curved  wall  are  curved  on  the  plan,  the  lines  being  described 
from  the  center  s',  and  that  the  jamb  lines  of  the  frames  are 
parallel  to  the  radial  line  at  the  center  of  the  opening;  this 
makes  an  allowance  for  the  insertion  of  the  sash  from  the 
inside.  If  the  jambs  were  made  perpendicular  to  the  tangent 
of  the  curve,  that  is,  parallel  with  the  brick  reveals,  the  sash 
could  be  put  in  place  only  from  the  outside,  and  further,  the 
frames  could  not  be  renewed  without  cutting  out  the  brick- 
work. The  dining-room  windows  opening  on  the  veranda, 
marked  C.  IV. , are  shown  with  folding  sash,  opening  inwards 
like  the  door  openings.  These  are  called  casement  win- 
dows, and  extend  down  to  the  floor.  After  the  window 
openings  in  the  brick  walls  have  been  located  and  their 
frames  drawn  in,  locate  the  stone  window  sills,  which  pro- 
ject If  inches  beyond  the  face  of  wall  and  extend  4 inches 
beyond  the  jamb  line,  so  that  they  are  8 inches  longer  than 
the  width  of  opening  in  the  brickwork,  the  top  of  the  sill 
between  the  jamb  lines  being  worked  to  a sloping  .surface  to 
shed  the  water.  This  is  indicated  by  the  miter  lines  at  each 
jamb,  these  miter  lines  being  the  intersection  of  the  sloping 
surfaces,  or  inclined  planes.  It  will  be  observed  that  the 
sills  of  the  bay  window  are  resolved  into  a sill-course,  which 
is  continued  around  to  the  main  wall.  Now  draw  the  door 
opening  of  the  vestibule.  Observe  that  the  door  frame 
passes  into  a check  in  the  brickwork  1 inch  beyond  the  reveal 
line,  and  that  the  frame  is  shown  rabbeted,  or  checked,  to 
receive  the  door.  The  door  sill  is  in  line  with  the  water- 
table,  which  projects  If  inches  beyond  face  line  of  wall,  and 
at  this  projection  is  continued  along  the  walls  which  are 
enclosed  with  verandas.  Draw  this  line  and  the  miter  lines 
at  the  angles,  as  the  projecting  portion  is  cut  to  bevel  off 
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1 inch,  forming  a slope,  or  wash , as  it  is  called.  Where  the 
walls  are  not  enclosed  by  the  verandas  the  water-table  pro- 
jects 4 inches.  Draw  this  line  where  shown,  and  miter  lines 
at  angles,  since  the  upper  surface  is  sloping.  This  will  be 
better  understood  when  the  elevation  and  sections  are 
projected. 

Having  completed  the  opening  in  the  outer  brick  walls, 
proceed  to  draw  in  the  window  and  door  openings  in  the 
outer  frame,  or  wooden,  walls.  Locate  the  center  lines  of 
the  openings  from  the  measurements  given,  and  lay  oft  the 
jamb  lines,  which  will  be  one-half  of  the  width  of  opening 
from  the  center  line.  Divide  the  width  of  the  jamb,  which 
is  the  thickness  of  the  wall,  into  three  equal  parts,  and 
through  these  two  points  draw  lines  parallel  to  the  wall  face. 
Form  a groove  in  each  jamb  as  shown,  2 inches  deep,  and 
draw  another  line  parallel  to  each  jamb  2 inches  towards  the 
center  line  of  openings,  and  between  these  lines  draw  a line 
parallel  to  the  face  of  wall.  Now  draw  the  line  of  sill,  which 
is  1 \ inches  from  the  face  line  and  extends  6 inches  beyond 
each  jamb.  This  is  a conventional  method  of.  representing 
window  openings  in  frame  walls  on  plans  drawn  to  this 
scale,  as  the  minuteness  of  the  actual  parts  cannot  be  clearly 
shown.  Draw  the  outer  door  opening  of  the  kitchen,  which 
is  shown  in  a manner  similar  to  the  other  doorways,  with  the 
addition  of  the  sill  at  floor. 

The  front  and  side  verandas  can  now  be  drawn.  First  lay 
off  the  outer  face  line  of  the  range  of  posts  along  the  front, 
which  is  8 feet  from  the  outer  face  line  of  wall  of  library  and 
parallel  to  line  vi  n.  Then  draw  the  line  perpendicular  to  it 
and  8 feet  from  the  outer  face  line  of  wall,  as  shown,  for  the 
side  range  of  posts.  Now  locate  the  center  lines  of  the  inter- 
mediate posts  and  the  angles  of  the  angular  posts  from  the 
dimensions  given,  starting  from  the  center  line  a b,  and  mark- 
ing the  points  towards  the  right.  To  locate  these  points 
correctly,  proceed  as  follows:  Mark  the  point  for  first  post, 
which  is  4 feet  8|  inches  from  the  center  line  a b , the  center 
line  of  the  second  post  being  3 feet  If  inches  from  the  first. 
Adding  the  two  distances  together,  we  get  7 feet  lOf  inches, 
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the  distance  from  center  line  a b.  Measuring  this  distance 
from  the  center  line  a b,  mark  the  point.  This  method  is 
more  accurate  than  working  from  point  to  point  with  the 
scale,  and  has  the  advantage  that  when  the  point  is  marked 
its  accuracy  can  be  checked  by  measuring  with  the  scale  the 
distances  between  the  center  lines  of  the  posts.  Having 
marked  the  points  for  center  lines,  erect  perpendiculars  to 
the  outer  face  line  of  posts  to  define  the  center  lines.  As 
the  intermediate  posts  are  7 inches  square,  draw  a line  for 
each  range  of  posts  3^  inches  from  and  parallel  to  the  outer 
face  line  of  posts.  At  the  intersections  of  this  line  with  the 
center  lines  already  drawn  as  centers,  and  with  a radius  of 
31r  inches,  describe  a circle  for  each  intermediate  post;  tan- 
gent to  these  circles  and  parallel  to  the  outer  face  line  of 
posts,  draw  the  line  that  will  define  the  inner  face  line  of 
posts.  At  right  angles  with  this  line  draw  the  adjacent 
faces.  As  the  rail  of  balustrade  is  of  the  same  width  as  the 
posts,  the  outer  and  inner  face  lines  will  be  continuous. 
Having  finished  the  intermediate  ones,  draw  the  angular 
ones.  Observe  that  the  width  of  these  posts,  measured  on 
the  outer  face  line  from  the  angle,  is  4 \ inches.  On  each 
side  of  the  angle  mark  this  distance  and  draw  the  adjacent 
faces  at  right  angles  with  the  face  line.  Draw  in  the  pilas- 
ters at  junction  with  the  frame  wall,  and  let  them  project 
1|  inches  from  the  face  line  of  wall.  Now  draw  the  posts  to 
the  left  of  the  center  line  a b,  first  laying  off  the  angular  one. 
Observe  that  there  is  a square  return  of  4 inches.  Mark  this 
point  and  draw  the  line  connecting  it  with  the  angle  of  bay 
window.  At  right  angles  to  this  line  mark  a point  7 inches 
from  it,  and  through  this  point  draw  a line  parallel  to  the 
face  line  first  found;  this  will  define  the  inner  face  line  for 
the  angular  and  wall  posts;  complete  them  as  shown,  and 
draw  in  the  intermediate  one  next  to  the  center  line  a b. 
Divide  the  width  of  the  baluster  rail  between  posts  into 
three  equal  parts,  and  through  the  points  marked  draw  two 
lines  parallel  to  the  face  line,  which  indicate  the  moldings, 
etc.  on  top  of  the  rail ; then  draw  the  base  lines  around  and 
projecting  1 inch  from  the  posts,  and  mark  in  the  miter 
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lines,  as  the  edges  are  beveled.  Observe  that  only  a por- 
tion of  the  base  can  be  seen,  owing  to  the  overlap  of  the 
baluster  rail. 

Now  draw  the  line  indicating  the  edge  of  the  veranda  floor, 
which  projects  4 inches  beyond  outer  face  line  of  posts.  Lay 
off  this  distance  from  the  various  face  lines,  and  draw  the 
line  parallel  to  the  face  line  of  posts.  .Now  draw  the  steps, 
as  shown,  the  riser  lines  being  parallel  to  the  face  line  and 
the  returns  being  at  right  angles  therewith.  Observe  that 
the  first  step  down  at  the  entrance  doorway  cuts  into  the 
veranda  floor,  the  riser  line  being  on  the  center  line  of  the 
posts  adjacent,  and  the  treads  being  10  inches  wide.  Mark 
a point  2 feet  G inches  from  first  riser,  and,  drawing  a line 
between  these  points  and  dividing  the  distance  into  three 
equal  parts,  draw  in  the  lines.  This  will  insure  accurate 
plotting.  Observe  that  the  ends  of  the  first  step  are  in  line 
with  the  base  lines  of  posts.  Draw  the  ends  and  return  the 
other  steps  as  shown.  To  draw  the  rear  veranda  and  kitchen 
porch,  follow  the  method  just  given,  observing,  however, 
that  the  posts  are  G inches  square  instead  of  7 inches. 

Draw  the  lines  that  indicate  the  door  leading  to  the  cellar, 
locating  the  points  by  scale  measurements  from  the  engra- 
ving, and  also  the  dotted  lines,  which  indicate  the  steps.  The 
exterior  work  being  completed,  draw  in  the  lines  represent- 
ing the  kitchen  range,  boiler,  sink,  and  drip  board,  and  the 
position  of  the  refrigerator  and  shelving  in  the  pantry.  The 
two  circles  enclosed  in  the  angle  of  the  partition  indicate  the 
position  of  the  pipe  lines  to  the  bathroom  overhead.  Then 
draw  the  china-closet  sink  and  hot  closet  in  the  butler’s  pan- 
try. The  china  closet  is  shown  with  doors,  and  the  line  in 
front  of  it  indicates  the  edge  of  the  cabinet  underneath. 
Draw  the  corner  wash  basin  in  the  lavatory,  as  shown. 
Bisect  the  angle  with  a line,  which  will  make  an  angle  of  45°. 
On  this  line  locate  the  center,  describe  the  circle  which 
indicates  the  basin,  draw  the  surrounding  line  which  indi- 
cates the  basin  slab,  and  also  the  parallel  lines  at  the  walls 
indicating  the  vertical  slabs.  Having  finished  these  various 
fittings,  proceed  to  locate  and  draw  the  registers,  which  are 
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placed  over  the  hot-air  ducts  to  the  several  apartments, 
where  shown,  first  drawing  in  the  center  line  and  marking 
the  outline  to  agree  with  the  figured  sizes,  as  12  in.xl5  in., 
shown  in  library.  These  hot-air  ducts  constitute  only  a por- 
tion of  the  system  of  heating  required  for  this  building,  the 
direct  radiators  not  being  shown  in  the  plan,  as  their  inser- 
tion does  not  affect  the  building  construction,  as  does  the 
hot-air  duct  system,  for  which  provision  must  be  made  in 
the  construction  of  the  floors  and  partitions.  Now  draw  the 
ducts  leading  to  the  second  floor,  which  are  located  in  the 
partitions,  as  shown.  After  the  ducts  are  drawn,  proceed  to 
indicate  the  position  of  gas  fixtures.  Where  they  are  located 
in  the  center  of  the  rooms,  draw  diagonal  lines  from  corner 
to  corner,  the  intersection  of  which  will  be  the  center  of  the 
ceiling  fixture.  On  this  as  a center,  with  a radius  of  7 inches, 
describe  a circle,  dividing  it  into  the  number  of  parts  required 
to  designate  the  number  of  burners  that  will  be  on  the  fix- 
ture, which  are  indicated  by  the  small  circles.  At  the  center 
of  the  fixture  make  a similar  circle,  and  draw  the  lines  radi- 
ating from  the  center  to  each  burner.  Observe  that  the 
center  of  the  fixture  in  library  is  located  on  the  center  from 
which  the  curved  wall  is  described. 

Having  completed  the  ceiling  fixtures,  locate  and  draw 
the  wall  fixtures  where  shown,  the  center  being  5 inches 
from  wall  surface.  Now  locate  and  draw  in  the  circles  that 
are  shown  at  intervals  against  the  outer  face  line  of  walls 
and  veranda  and  porch  posts,  which  indicate  the  position  of 
the  rain-water  conductors,  it  being  essential  to  arrange  their 
location  on  the  plan  with  reference  to  the  cornice  projections, 
central  position  on  wall  surface,  and  other  considerations  that 
have  to  be  reviewed  in  conjunction  with  the  arrangement 
of  the  gutter  outlets  on  the  various  sections  of  the  main  and 
veranda  roofs,  and  is  of  further  value  in  showing  their  con- 
nection with  the  drainage  system,  which  is  usually  shown  on 
the  cellar  plan.  The  pencil  work  now  being  finished,  pro- 
ceed to  ink  in  the  drawing,  after  which  clean  the  sheet  with 
soft  rubber  and  remove  the  pencil  lines  that  have  overrun  at 
the  angles  and  openings.  Draw  in  and  ink  the  dimension 
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lines.  Write  in  the  dimensions.  Ink  the  original  center 
lines  and  letter  them.  Draw,  ink  in,  and  letter  the  line  of 
the  cutting  plane  ghijkl,  from  which  the  longitudinal  sec- 
tion will  afterwards  be  developed,  and  letter  the  names  of 
the  various  apartments  and  fixtures.  Observe  that  variations 
in  the  size  of  letters  and  figures  have  been  made  in  this  plate 
from  the  standard  sizes,  to  suit  spaces,  etc.,  which  is  to  be 
followed  by  the  student  on  his  drawing.  Take  the  size  by 
the  dividers  and  apply  to  the  scale  on  the  engraving,  which 
will  give  the  accurate  size  to  put  on  the  drawing.  All  the 
information  relative  to  doors,  windows,  flues,  ducts,  etc. 
should  be  written  in  full  on  the  drawing;  but  the  reference 
letters  at  the  angles  of  the  building  may  be  omitted. 


DRAWING  PLATE,  TITLE:  SECOND-STORY  PLAN 

14.  This  plate  shows  the  second-story  plan,  and  is  to 
be  drawn  to  the  same  scale  as  the  preceding  plate,  that  is, 
\ inch  = 1 foot. 

Begin  by  drawing  the  center  line  a b at  a distance  of 
7 f inches  from  and  parallel  to  the  left-hand  border  line. 
Draw  the  center  line  c d at  right  angles  to  it  and  at  a dis- 
tance of  GY  inches  from  the  lower  border  line.  Then  draw 
the  center  line  e f parallel  to  c d and  at  a distance,  by  scale, 
of  2 feet  9Y  inches.  These  center  lines,  as  mentioned  in  the 
previous  article,  will  constitute  the  base  lines  of  measure- 
ment, from  which  the  arrangement  of  the  plan  will  be  devel- 
oped. Proceed  by  locating  the  angles  on  the  outer  face  line 
of  the  building,  which  will  define  the  outline  of  the  plan  in 
accordance  with  the  instructions  given  for  drawing  the  first- 
story  plan.  Then  draw  the  thickness  of  the  outer  walls  and 
locate  the  center  lines  of  the  partitions  from  the  measure- 
ments given.  Draw  the  partitions  that  will  define  the  interior 
arrangement.  It  will  be  seen,  by  comparison  of  the  second- 
story  plan  with  the  first-story  plan,  that  many  of  the  parti- 
tions occupy  the  same  relative  position  as  those  underneath 
them,  thus  affording  a continuous  construction.  Draw  the 
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brick  stacks,  or  chimneys,  in  which  are  located  the  open  fire- 
place and  the  smoke  and  ventilating  flues.  The  dotted  lines 
connecting  the  left-hand  flue  with  the  wall  surface  of  the 
room  denote  a terra-cotta  inlet  to  the  flue  for  the  stovepipe 
connection,  the  line  beyond  the  wall  surface  indicating  the 
collar  of  the  inlet.  Draw  the  door  openings  in  the  partitions 
in  accordance  with  the  method  followed  on  the  first-story 
plan.  Draw  the  ceiling  beams,  indicated  by  the  dotted  lines, 
spanning  the  recesses  in  partitions  and  forming  the  subdivi- 
sion of  the  ceiling  between  hall  and  stair  hall,  and  the  ceiling 
beam  at  the  bay  window.  Now  draw  the  main  stairway. 
Observe  that  the  platform  and  landing  newels  are  the  same 
as  those  shown  on  first-story  plan,  but  in  this  case  the  dimen- 
sions given  to  center  line  of  newels,  4 feet  8 inches,  is  taken 
from  the  outer  face  line  of  timber  wall.  Draw  this  line; 
mark  the  distance  from  center  line  of  newels  to  center 
of  landing  newel,  3 feet  4 inches,  and  the  distance,  9 feet 
2 inches,  to  center  line  of  newels  at  the  start  of  second 
stairway,  which  leads  to  attic.  Draw  in  these  lines,  which 
also  indicate  the  riser  lines.  Now  draw  the  center  line  of 
the  hand  rail  of  each  flight,  locating  it  from  the  face  line  of 
partition  walls,  by  the  measurements  given,  and  draw  par- 
allel to  center  line  c f At  the  intersection  of  these  center 
lines  with  the  riser  lines,  which  gives  the  center  of  the 
newels,  describe  circles  5 inches  in  diameter,  and  then  cir- 
cumscribe squares,  which  will  denote  the  newel  posts; 
divide  the  distance  between  center  lines  of  newels  into  the 
number  of  spaces  shown  for  each  flight,  and  draw  in  the 
lines  at  right  angles  to  centerline  ef,  which  will  indicate 
the  treads  of  the  stairway,  and  which  are  10  inches  wide 
between  the  riser  lines ; correctly  stated,  the  lines  shown 
represent  the  face  line  of  risers,  while  the  distance  between 
these  lines  gives  the  width  of  tread,  exclusive  of  the  nosing, 
or  projecting  section  of  the  tread  beyond  the  riser.  As  the 
riser  lines  of  the  second  stairway  are  immediately  over  those 
of  first  flight,  they  occupy  the  same  relative  position  on  the 
plan,  the  irregular  line  indicating  the  break  in  second  stair- 
way, so  that  the  lower  one  can  be  seen.  Now  draw  the  lines 
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showing  the  width  of  the  hand  rails,  which  is  4 inches ; meas- 
uring from  the  center  line  will  give  2 inches  on  each  side. 

After  the  hand  rails,  draw  the  base  lines  around  the 
newels,  observing  that  only  portions  of  the  base  can  be  seen, 
as  the  hand  rail,  occupying  a higher  plane,  overlaps  it. 
Draw  the  arrows,  which  indicate  the  direction  followed  by 
the  flight.  Having  completed  this  stairway,  draw  the  sec- 
tion of  stairway  to  kitchen,  which  is  exposed  by  breaking  off 
the  closet  floor,  as  shown.  Locate  the  first  riser,  which  is 
5 feet  inches  from  outer  face  of  wall,  as  shown  on  first- 
story  plan.  Make  the  width  of  treads  the  same  as  shown  on 
first-story  plan.  Observe  that  there  is  a riser  line  shown  at 
the  door  opening  on  the  platform  of  main  stairway,  which 
indicates  that  the  platform  is  higher  than  the  landing  of 
kitchen  stairway.  This  can  be  verified  by  counting  the 
number  of  risers  in  each  stairway  up  to  the  platform  level. 

Now  locate  and  draw  the  window  openings  in  the  exterior 
walls,  first  locating  the  center  lines  and  drawing  the  jamb 
lines,  etc.  by  the  method  given  for  those  on  the  first-story 
plan.  Notice  that  the  window  sill  is  continued  as  a table 
course  around  the  bay  window,  supported  by  a bed  mold 
and  facia,  which  will  be  shown  on  the  elevation  in  a subse- 
quent plate.  In  wood  construction  the  sills  are  either 
worked  with  a sloping  upper  surface,  to  shed  the  water,  or 
the  sill  canted  for  that  purpose,  so  that  there  are  no 
wash  miters  to  show  on  plan,  such  as  there  are  in  stone 
construction. 

After  the  window  openings  are  completed,  proceed  to  draw 
the  veranda  and  porch  roof.  Beginning  with  the  front  and 
side  verandas,  first  locate  and  draw  the  outer  face  line  of  the 
beam,  which  is  supported  by  the  posts,  and  is  8 feet  from 
and  parallel  to  the  straight-line  wall  surfaces.  This  line 
having  been  drawn,  locate  the  angles  where  the  line  changes 
direction,  from  the  measurements  given.  Reference  to  the 
first- story  plan  will  give  the  student  a better  understanding 
of  the  position  of  this  line,  as  this  forms  the  base  line  from 
which  subsequent  measurements  are  taken.  Parallel  to  this 
line,  and  at  a distance  of  15  inches  therefrom,  draw  the  line 
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of  the  eave,  or  horizontal  cornice  projection.  Next  draw 
the  pediment,  or  low-pitched  roof,  over  the  front-entrance 
section  of  the  veranda.  Observe  that  the  center  line  of  the 
ridge  is  on  the  center  line  a b.  On  each  side  of  the  ridge  lay 
off  the  distance  shown  of  5 feet  8 inches,  which  will  give  the 
point  of  intersection  of  the  valley  of  the  pediment  roof  with 
the  eave  line  of  veranda.  On  the  center  line  a b,  at  a dis- 
tance of  6^-  inches  from  the  face  line  of  wall,  mark  a point. 
From  this  point  draw  the  lines  of  the  valleys  inn,  mo  on 
each  side  of  the  center  line  a b to  the  point  on  the  eave  line 
already  found.  A valley  is  the  line  of  intersection  of  the 
inclined  surfaces  of  two  roofs,  the  eave  lines  of  which  form 
an  interior  angle.  Draw  the  cornice  projection  of  the  pedi- 
ment, which  advances  3 inches  in  front  of,  and  is  parallel  to, 
the  eave  line  already  drawn.  From  the  point  of  intersection 
of  each  of  the  valleys  with  this  eave  line,  and  at  right  angles 
thereto,  draw  the  eave  lines  of  the  pediment. 

Now  draw  the  center  lines  of  the  parapet  walls  of  the 
balcony,  which  surround  he  stair-hall  window.  As  shown, 
the  center  line  of  the  front  wall  is  2 feet  11^  inches  from  the 
outer  face  line  of  wall  of  building,  and  is  parallel  to  it.  The 
center  lines  of  the  return,  or  end,  walls  are  each  4 feet  1 inch 
from  the  center  line«?yof  the  window.  The  width  of  the 
coping  being  11  inches,  lay  off  5^-  inches  on  each  side  of  these 
center  lines,  and  draw  the  edges  of  the  coping.  The  second 
line  from  the  edge  of  the  coping  of  front  wall  on  the  inside 
indicates  the  width  of  the  balcony  gutter.  The  dotted  lines 
that  cross  the  wall  at  the  end  indicate  the  weeper,  or  gutter 
outlet.  The  curved  line  in  advance  of  the  parapet  line 
represents  the  intersection  of  the  curved  section  of  the  para- 
pet wall  with  the  inclined  surface  of  the  veranda  roof.  The 
line  from  the  angle  at  eave  line  to  angle  of  coping  shows  the 
miter  line  of  the  curved  surfaces  of  the  front  and  return 
wall.  Now  draw  the  lines  denoting  the  gutter  which  is 
constructed  in  the  cornice.  Observe  that  the  inner  line  is 
on  the  beam  line,  over  face  of  posts  already  described.  The 
width  of  the  gutter  from  this  line  is  9 inches,  which  space  is 
further  reduced  2 inches  on  each  side  by  the  lines  indicating 
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the  junction  of  the  sloping-  sides  of  the  gutter  with  the  bot- 
tom, or  bed.  These  lines  on  the  plan,  are  shown  parallel 
with  the  edges  of  the  gutter,  which  is  the  usual  course 
followed  on  a small  scale  drawing;  but  in  practice  or  on  a 
larger  scale-detail  drawing,  these  lines  will  converge  towards 
the  gutter  outlets,  owing  to  the  grade,  or  pitch,  of  the  bed 
of  gutter.  The  circles  in  the'gutter  show  these  gutter  out- 
lets, and  the  arrows  indicate  the  descending  grade  towards 
them. 

Locate  and  draw  the  hip  lines  p q,  p r,  s t,  and  u v of  the 
veranda  roof.  A hip  is  similar  to  a valley  in  the  respect  that 
it  is  the  line  of  intersection  of  the  inclined  surfaces  of  two 
roofs,  but  with  the  difference  that  the  eave  lines  form  an 
exterior  angle;  in  other  words,  they  represent  a miter  line 
that  is  formed  by  the  change  in  direction  of  the  roof,  or 
inclined  plane,  and  this  miter  line  is  resolved  into  a hip  or 
valley,  according  to  the  nature  of  the  angle  at  the  eave  lines. 

Observe  that  the  hip,  or  miter  lines,  are  not  drawn  across 
the  bed  of  the  gutter,  since  it  is  a flat  surface,  miters  only 
being  shown,  where  an  angle  is  formed.  The  bed  of  the 
gutter  at  line  pr  is  thus  shown,  as  the  grade,  or  pitch, 
changes  at  this  point. 

Now  draw  the  rear  veranda  roof  in  accordance  with  the 
method  given  above,  first  drawing  the  beam  line,  which  is 
5 feet  inches  from  the  wall  face.  The  cornice  projection 
from  this  line  is  only  9 inches,  the  cornice  at  the  open  end 
being  horizontal,  and  the  line  zv  x,  following  the  slope  of  the 
roof,  forms  a half  pediment  over  the  cornice.  Next  draw 
the  porch  roof.  As  here  shown,  the  roof  plane  is  unbroken, 
except  where  the  gutter  is  inserted,  and  is  a simple  slope 
from  the  eave  to  the  wall  junction.  Circumscribing  the 
wall  of  the  building,  where  not  occupied  by  verandas  and 
porch,  is  a line  G inches  from  the  wall.  Draw  this  line, 
which  shows  the  projection  of  a molded  course  around  the 
building,  formed  by  the  corona,  or  table,  of  the  veranda 
cornice;  miter  the  angular  connections,  and  carefully  observe 
and  draw  the  connections  with  the  cornices.  These  con- 
nections will  be  better  understood  when  the  elevation  and 
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subsequent  plates  are  drawn.  The  exterior  work  being 
finished,  draw  the  fixtures  in  the  bathroom,  consisting  of  the 
plunge  bath,  foot-bath,  water  closet,  and  wash  basin,  first  loca- 
ting the  center  lines  by  the  application  of  the  dividers  to  the 
scale  on  the  engraving,  which  will  give  their  position  on  the 
drawing.  The  various  sizes  can  be  found  in  the  same  man- 
ner, from  which  their  complete  outline  can  be  drawn.  The 
soil  and  ventilating  pipes,  which  are  continued  up  to  and 
through  the  roof,  are  enclosed  in  the  partition  wall,  which  in 
this  case  is  increased  to  7 inches  for  that  purpose. 

The  circle  in  the  partition  adjacent  to  the  stair  platform 
indicates  the  ventilating  pipe  from  lavatory.  Draw  the 
enclosing  frame  and  doors  of  the  wardrobe  in  the  dressing 
room.  The  line  that  advances  from  the  line  of  frame  indi- 
cates the  shelf,  under  which  a range  of  drawers  is  placed. 
Draw  the  outlines  of  the  bedsteads  and  bureaus  in  the  bed- 
rooms, which,  in  plan  making,  materially  influence  the  loca- 
tion of  the  window  openings  and  gas  fixtures. 

Locate  and  draw  the  registers  of  the  hot-air  ducts  from 
the  positions  shown  on  plan.  In  the  closet  adjacent  to  the 
four-flue  brick  stack,  a section  of  the  floor  is  elevated  so  that 
branches  can  be  taken  from  the  vertical  duct  to  the  wall 
registers  in  rooms.  Locate  the  gas  fixtures,  and  indicate  in 
the  same  manner  as  shown  on  the  engraving.  Draw  in  the 
circles  that  denote  the  position  of  the  rain-water  conductors. 
The  two  on  the  front  wall  discharge  on  the  roof  of  the 
veranda,  as  also  the  one  adjacent  to  the  rear  veranda.  The 
others  continue  down  to  the  ground  line. 

The  heavy  broken  and  dotted  lines  indicate  the  constructive 
lines  of  the  main  roof  planes,  and  will  be  considered  later  on. 

The  pencil  work  being  finished,  proceed  to  ink  in  the 
drawing,  after  carefully  cleaning  same.  Draw  in  and  ink 
the  dimension  lines  and  write  in  the  dimensions,  and  draw, 
ink  in,  and  letter  the  line  of  the  cutting  plane  ghijkL 
Letter  the  names  of  the  various  apartments  and  fixtures,  as 
shown  on  engraving,  and  letter  the  center  lines,  making  the 
drawing  conform  with  the  engraving  in  all  respects,  except 
that  the  reference  letters  may  be  omitted. 
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Now  proceed  to  draw  the  constructive  lines  of  the  main 
roof.  Begin  by  drawing  the  ridge  lines.'  The  ridge  line 
parallel  to  center  line  c d is  midway  between  the  front  and 
rear  walls  of  building,  and  is  therefore  14  feet  0 inches  from 
the  outer  face  line  of  either  wall.  The  ridge  line  parallel  to 
a b is  midway  between  the  walls  of  the  rear  extension,  or 
wing,  and  is  therefore  14  feet  3 inches  from  the  outer  face 
line  of  either  wall.  Now  draw  the  cornice  projection  lines 
around  the  building,  which  are  parallel  to  the  face  line  of 
walls,  and  in  general  are  18  inches  from  it,  except  at  the  bay 
window,  where  the  distance  is  13  J inches;  adjacent  to  the 
tower  two  eave  lines  are  shown,  which  indicate  a higher  and 
lower  plane,  which  will  be  fully  understood  when  the  eleva- 
tion is  drawn  on  a siibsecpient  plate.  From  the  center  of  the 
tower,  with  a radius  of  8 feet  1-]-  inches,  describe  the  circle 
denoting  the  eave  line  of  tower.  The  segment  advancing 
into  this  circle  denotes  the  intersection  with  the  adjacent 
roof  planes;  the  center  for  describing  the  segment  is  at  the 
intersection  of  the  ridges. 

As  the  eave  lines  over  the  rear  veranda  roof  form  an 
interior  angle,  the  line  connecting  their  intersection  with  the 
ridge  line  will  be  a valley.  While  this  line  from  the  ridge, 
if  continued  to  the  intersection  of  the  straight  walls,  would 
meet  an  exterior  angle,  and  is  therefore  a hip,  the  limit  of 
its  length  in  this  case  is  the  wall  of  the  tower.  The  projec- 
tion of  the  cornice  over  the  bedroom  wing  to  the  left  of 
center  line  a b indicates  a gable  cornice,  a f>al>le  being  the 
triangular- shaped  wall  on  the  front  or  side  of  a building, 
under  the  inclined  lines  of  the  roof  planes.  The  ridge  is 
shown  in  the  center,  and  is  the  intersection  of  the  roof 
planes  that  meet  on  this  line.  Observe  that  the  main  roof 
gable  adjacent  to  the  wing  gable  just  described  is  trun- 
cated ; that  is,  a portion  of  it  from  the  ridge  line  is  cut  off  to 
a line  parallel  with  a horizontal  line  connecting  the  eaves. 
The  dimensions  of  the  plane  formed  by  cutting  off  this 
section  can  be  found  on  the  plan  to  be  3 feet  9 inches  from 
the  wall  face  to  ridge  intersection,  and  the  distance  from  the 
ridge  to  the  eave  intersections  5 feet  inches.  The  latter 
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points  having  been  found,  connect  them  with  the  intersec- 
tion on  the  ridge,  thus  defining  the  hip  lines  of  the  truncated 
part  of  the  roof.  Ink  in  the  roof  lines  with  heavy  broken 
and  dotted  lines,  as  shown  on  the  engraving.  The  point  of 
intersection  of  the  various  roof  planes  will  be  required  in 
developing  the  elevation  and  longitudinal  section,  and  many 
advantages  are  obtained  by  locating  the  main  roof  lines  on  a 
plan,  as  an  intelligent  conception  can  thus  be  formed  of  the 
requirements  of  the  plan  of  the  building;  roofing  considera- 
tions, in  a well-studied  plan,  very  often  require  its  modifica- 
tion to  secure  a satisfactory  design. 


RRAAYTNG  PLATE,  TITLE:  CONSTRUCTIVE 
DETAILS 

15.  This  plate  comprises  a number  of  figures,  which  are 
the  details  relative  to  the  construction  of  various  sections 
of  the  suburban  residence.  They  are  to  be  drawn  to  a scale 
of  f-  inch  = 1 foot.  Figs.  1,2,  3,  and  4 are  drawings  showing 
the  construction  of  the  second-story  bay  window,  and  the 
balustrade  that  surmounts  it.  Fig.  5 shows  the  construction 
of  the  corona  and  bed  mold  forming  the  molded  course  that 
circumscribes  the  building,  as  shown  on  the  second-story 
plan,  and  also  shows  the  construction  of  the  window  frame 
and  inside  trim,  or  casing,  the  plaster  cornice  of  the  first- 
story  ceiling,  etc.  Fig.  G shows  the  construction  of  the 
main  cornice  of  the  building,  the  plaster  cornice  of  the 
second-story  ceiling,  etc.  Figs.  7 and  8 are,  respectively,  a 
sectional  elevation  and  a vertical  section  of  the  front  veranda. 

In  developing  Figs.  1,  2,  3,  and  4,  which  pertain  to  the  bay 
window,  the  several  portions  of  each  require  to  be  drawn  in 
successive  order,  so  as  to  obtain  their  relative  position  in 
each  figure.  Begin  by  drawing  the  center  line  in  n 5f  inches 
from  and  parallel  to  the  left-hand  border  line;  at  a distance 
of  3f  inches  from  and  parallel  to  the  center  line  in  n,  draw 
the  center  line  op , after  which  proceed  to  draw  Fig.  3,  which 
is  a one-half  plan  of  the  second-story  bay  window  as  seen 
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from  below.  This  view  is  taken  for  the  purpose  of  showing 
the  position  of  the  various  members  of  the  cornice,  including 
the  dentil  course,  from  which  projections  will  be  made  in 
developing  Fig.  2. 

Commence  on  Fig.  3 by  drawing  the  outer  face  line  of  frame 
wall  qr  at  a distance  of  inch  from,  and  parallel  to,  the  lower 
border  line.  At  a distance  of  3 feet,  by  scale,  lay  off  the 
face,  or  sheathing  line,  of  front  of  the  window  parallel  to  q r. 
On  this  line  lay  off  a distance  of  3 feet  from  center  line  in  n, 
and  at  a farther  distance  of  3 feet  from  this  point,  draw  a 
line  parallel  to  m n , intersecting  q r.  Connect  this  point  to 
the  point  on  face  line  of  the  window,  and  the  face  line  of  the 
side  window  will  be  defined.  Parallel  to  the  front  and  side 
lines  now  located,  and  at  a distance  of  7 inches  therefrom, 
draw  the  lines  indicating  the  width  of  the  window  frames. 
Observe  that  this  width  coincides  with  the  face  line  of  the 
plaster,  and  is  therefore  the  full  thickness  of  the  frame  wall 
from  the  outside  of  the  sheathing  to  the  inner  face  of  the 
wall.  Now  draw  the  jamb  lines  of  the  window  frames.  The 
jamb  of  the  front  window  is  24  inches  from,  and  parallel  to, 
line  m n,  which  will  leave  a distance  of  12  inches,  the  width 
of  the  angle  pier  on  the  face  line.  From  the  angle,  mark  a 
point  12  inches  on  the  side  line  of  the  window,  and  draw  the 
jamb  line  through  this  point  at  right  angles  to  the  side  line 
(thus  making  the  side  width  of  pier  the  same  as  the  front). 
Then  draw  the  opposite  jamb  line  2 feet  3 inches  from  the 
one  just  drawn.  These  jamb  lines  and  others  parallel  thereto 
can  be  drawn  by  using  the  45°  triangle  on  the  edge  of  the 
T square,  as  the  side  line  of  the  window  will  be  found  to 
make  an  angle  of  45°  with  the  face  line  of  wall  qr.  Now 
draw  the  construction  of  the  window  frames  as  follows: 
Begin  with  the  frame  of  the  front  window.  Draw  the  thick- 
ness of  the  jamb,  which  is  1-^  inches;  the  7-inch  width  is  then 
divided  as  follows:  1 inch  for  outer  lining  of  window  frame, 
2 inches  for  upper  sash,  i inch  for  the  parting  strip  between 
sash,  2 inches  for  lower  sash,  the  remaining  space  being 
occupied  by  the  sash-stop  bead,  which  keeps  the  lower  sash  in 
position.  The  plaster  casing  of  the  window  frame  is  1 inch 


54  ARCHITECTURAL  DRAWING  § 14 

thick,  which  thickness  is  taken  up  by  lath  and  plaster. 
Observe  that  the  edge  of  the  outer  lining  projects  i inch  in 
front  of  the  jamb  line;  that  the  parting  strip  is  inserted  into 
a groove  in  the  jamb  § inch  deep;  that  the  strip  projects 
\ inch  from  the  jamb;  and  that  the  sash-stop  bead  is  A-  inch 
thick;  so  that  these  three  edges  are  in  line  with  one  another 
and  parallel  to  the  jamb.  Now  draw  the  width  of  the  sash 
stile.  This  width  is  2 inches  to  the  glass  line,  or  rabbet,  in 
which  the  glass  is  bedded.  The  rabbet  is  f-  inch  wide,  which 
makes  the  total  width  of  sash  stile  2f  inches.  The  inner 
edge  of  the  sash  is  molded.  The  rabbet  for  the  glass  is  on 
the  outside,  so  as  to  make  it  water-tight,  which  is  secured  by 
bedding  the  glass  in  oil  putty  and  forming  a beveled  fillet  of 
putty  on  the  outside,  which  sheds  the  water.  Now  form  a 
box  for  the  sash  weights  to  work  in,  behind  the  jamb,  by 
setting  the  first  stud,  or  upright  post,  in  the  wall  framing, 
24  inches  back  of  the  jamb.  Draw  the  outside  casing,  which 
is  If  inches  thick  and  4f  inches  wide,  the  angular  casing 
being  of  the  same  width.  Next  draw  the  inside  casing,  or 
trim,  which  is  composed  of  a facia,  or  plate,  -§-  inch  thick  and 
4f  inches  wide,  against  the  back  edge  of  which  is  attached 
what  is  called  a back  band  inch  thick  and  If  inches  wide, 
and  in  the  angle  formed  is  attached  a molding  f inch  thick 
and  If-  inches  wide.  On  the  face  edge  of  facia  a f-inch  bead 
is  indicated.  Having  finished  this  jamb  section  of  the  win- 
dow frame,  draw  in  those  of  the  side  window  in  the  same 
manner,  after  which  draw  the  angle  post,  which  is  composed 
of  several  sections  of  scantling,  or  small  timbers,  so  arranged 
as  to  break  joint  and  form  a solid  interior  and  exterior  angle. 
The  angle  at  junction  with  wall  surface  is  made  secure  by  a 
piece  of  scantling  of  a triangular  section  nailed  to  the  wall 
sheathing.  The  outer  casing  at  this  angle  is  mitered  on  the 
edge  against  which  the  ends  of  the  beveled  siding  or  finished 
wall  surface  abuts,  which  will  secure  the  siding  in  position. 

From  what  has  been  already  stated  in  connection  with  this 
plan,  the  student  will  realize  that  a detail  drawing  must  show 
every  part  in  detail , the  various  items  of  construction  being 
duly  considered.  Each  part  of  the  detail  must  be  drawn  in 
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the  actual  position  it  will  occupy  in  the  finished  structure. 
Drawn  to  the  scale  of  f inch  = 1 foot,  it  therefore  represents 
Jg-  the  actual  size. 

Now  draw  the  thickness  of  the  main  wall  7 inches  from, 
and  parallel  to,  q r ; show  the  thickness  of  the  sheathing 
1 inch  and  of  the  lath  and  plaster  1 inch.  At  a distance  of 
4 feet  101-  inches  from  the  line  run  draw  the  jamb  line  of 
casing,  and  finish  the  wall  casings,  as  shown.  The  angle 
post  is  composed  of  three  thicknesses  of  2"x5"  scantling,  on 
which  is  attached  the  plaster  ground,  with  the  edge  beveled 
inwards,  which  tends  to  bind  the  edge  of’the  plastering  and 
keep  it  from  springing  when  the  casings  are  nailed  in  place. 
As  previously  mentioned,  this  figure  is  a view  from  below, 
so  that  the  head-jambs,  head-casings,  lintels,  and  top  rails 
of  the  sash  are  seen  in  full.  Therefore,  the  lines  connecting 
the  various  sections  should  be  drawn  in;  they  will  denote  the 
position  of  the  parts  when  in  place. 

Having  advanced  thus  far  with  Fig.  3,  next  proceed  with 
Fig.  4,  which  is  a section  of  the  upper  portion  of  the  bay 
window  on  line  m n.  Draw  the  second-story  floor  line,  which 
is  8 feet  lO-j  inches  by  scale  from,  and  parallel  to,  the  lower 
border  line.  Draw,  2 feet  G inches  below  the  floor  line,  the 
line  of  the  head-jamb  of  the  window  frame.  At  a distance 
of  3 feet  3^  inches  from  the  center  line  op,  draw  the  front 
face  line  of  the  bay  window,  which  is  also  the  line  of  the 
window  frame.  Lay  off  the  width  of  the  window  frame 
7 inches  and  draw  the  head,  sash,  and  inside  casing,  and  the 
section  of  the  wall  that  is  above  the  head.  The  sectioned 
ends  denote  the  horizontal  framing  in  position.  Draw  the 
section  of  the  main  wall,  which  is  above  the  head  of  casing, 
and  which  finishes  the  opening  in  the  wall  behind  the  bay 
window,  the  center  line  op  being  in  the  center  of  this  wall. 
Observe  that  there  is  a section  of  a beam  composed  of  two 
thicknesses,  spanning  the  wall  opening,  which  is  cased  up 
similar  to  the  inside  casing  on  windows,  but  instead  of 
the  square  edge  it  is  finished  with  a quarter  round.  This 
beam  supports  the  wall  construction  overhead,  the  studs  of 
which  are  shown  to  run  down  and  rest  upon  it.  The  beam 
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is  4 inches  in  thickness,  and  it  will  be  noticed  that  the  studs 
are  reduced  to  this  width,  and  that  the  vertical  strips  i inch 
thick  are  continued  down  each  face  of  beam,  thus  securing  a 
rivet  for  the  plaster  work  from  the  floor  level  down.  Draw 
the  horizontal  lines  from  the  dimensions  given.  The  thick- 
ness of  the  floor  is  | inch;  the  depth  of  joist,  or  floorbeam, 
10  inches;  the  plaster  cornice,  including  the  regular  thick- 
ness for  lath-and-plaster  ceiling,  7£  inches;  the  intervening 
wall  surface  between  cornice  and  casing , G|-  inches;  and  the 
width  of  casing,  5^  inches. 

Draw  in  the  coves  of  the  cornice  with  the  compasses,  scale 
the  members  with  the  dividers,  and  draw  in  the  moldings, 
guided  by  the  eye,  their  projections  from  the  surfaces  first 
being  found  from  the  engraving.  In  order  to  represent  the 
jamb  lines  and  casings  of  the  side  window  on  this  figure,  it 
is  necessary  to  project  all  these  lines  forward  to  the  plane 
represented  by  the  line  in  n,  as  has  been  done  with  the  jamb 
lines  adjacent  to  the  main  wall,  which,  transferred  to  a hori- 
zontal line  under  the  figure  and  projected  upwards  and 
intersecting  with  their  respective  members,  drawn  horizon- 
tally, will  define  the  jamb  lines  and  casings  in  their  proper 
position  when  viewed  through  the  plane  on  line  in  n.  The 
process  of  transferring  these  points  is  readily  done  by  mark- 
ing them  on  the  edge  of  a strip  of  drawing  paper  placed  on 
the  line  inn.  Marking  carefully  the  position  of  the  main 
wall,  the  strip  can  then  be  applied  on  the  horizontal  line 
under  Fig.  4,  first  making  the  wall  lines  of  Fig.  3 coincide 
with  those  of  Fig.  4 and  then  marking  off  the  points.  This 
is  more  expeditious  than  transferring  each  space  with  the 
dividers,  but  it  requires  precise  work  to  secure  good  results. 

Now  draw  the  frieze,  the  casing  of  which  is  1^  inches  thick. 
At  a distance  of  12  inches  from  face  of  the  frieze  draw  the 
cornice  projection,  after  which  draw  a line  2 feet  3^  inches 
from  head-jamb,  which  will  define  the  top  of  the  crowning 
member  of  the  cornice.  Then  lay  off  the  subdivisions  of 
the  entablature  from  the  head-jamb  line,  3^-  inches  for  the 
facia  of  architrave,  2 inches  for  the  astragal  mold  of  same, 
inches  for  the  frieze,  6 inches  to  the  drip  edge  of  the 
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corona,  and  6i  inches  for  the  corona  and  covering  member. 
Observe  that  the  soffit,  or  lower  face  of  the  corona,  is  i inch 
higher  than  the  drip  edge,  which  gives  a space  of  6^-  inches 
for  bed  molds  and  dentils.  In  drawing  the  moldings  and 
other  members,  first  draw  a series  of  horizontal  lines  between 
the  main  divisions  already  located,  which  will  define  the  thick- 
ness of  the  various  members.  Then  draw  a series  of  vertical 
lines  parallel  to  the  centerline  op,  and  measure  the  projection 
of  each  member  with  the  dividers  from  the  face  of  the  frieze. 
Having  fixed  these  points,  the  moldings  of  the  cornice  and 
the  bead  of  the  astragal  can  be  drawn  with  compasses.  After 
the  outline  is  correctly  drawn,  mark  the  thickness  of  the 
material  of  which  the  members  are  constructed,  and  their 
widths,  and  finish  the  section  of  the  entablature,  which  is 
the  term  given  to  the  assemblage  of  the  parts  separately 
known  as  the  architrave , or  beam,  immediately  over  the 
window  or  door  openings;  the  frieze , or  upper  beam,  corre- 
sponding in  position  with  the  roof  construction;  and  the 
cornice , or  projecting  table,  at  the  top  of  a wall,  which  repre- 
sents the  finish  of  the  roof  covering. 

Now  draw  the  floor  of  the  balcony  over  the  bay  window, 
the  pitch  being  formed  by  beveled  strips  nailed  to  the  floor 
joists.  Form  the  gutter  in  the  cornice,  as  shown,  and  the 
sill  and  frame  of  the  door  that  opens  on  the  balcony. 

Draw  the  thickness  of  post  and  the  section  of  balustrade, 
the  center  line  of  which  is  the  face  line  of  the  wall  sheathing 
over  the  window  head.  Draw  this  line  and  draw  the  hori- 
zontal lines  that  define  the  base,  baluster,  and  cap  rail. 
Draw  the  base  and  cap  rail,  after  which  lay  off  the  blocks  of 
the  baluster,  and  the  members  of  the  turned  section  of  balus- 
ter, by  a series  of  horizontal  lines,  and  draw  the  curved 
outline  with  the  bow-pencil,  after  first  carefully  locating  the 
position  of  the  centers  by  vertical  and  horizontal  lines.  The 
height  of  the  post  cap  cannot  be  determined  until  the 
ramp,  or  upright  curve,  on  the  cap  rail  is  drawn. 

Now  draw  Fig.  2,  which  is  a one-half  elevation  of  the 
upper  portion  of  the  bay  window,  with  the  balustrade  which 
surmounts  it.  This  is  done  by  projecting  vertically  those 
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lines  of  Fig'.  3 which  can  be  seen  from  the  outside  of  the 
building  (this  being  an  outside  elevation) ; they  represent  the 
edges  of  the  outer  lining  of  the  window  frame,  the  outside 
casings,  the  angle  lines,  and  the  sash  lines.  Now  project, 
from  Fig.  4,  the  entablature  lines,  the  edge  of  outer  lining 
of  the  window  frame,  and  the  sash  lines;  the  intersection  of 
these  with  the  vertical  lines  drawn  from  Fig.  3 will  define 
the  head  of  the  window  frame,  the  sashes,  and  the  panelings 
of  the  outside  casings.  Before  the  miters  of  the  moldings, 
and  the  intersection  of  the  cornice  lines  and  the  dentils  can 
be  located,  the  horizontal  projection  of  the  cornice  must  be 
drawn  on  Fig.  3.  From  Fig.  4 transfer  the  horizontal  pro- 
jection of  the  various  members  from  the  frieze  line,  with  the 
dividers  or  by  means  of  a strip  of  paper  as  before  mentioned. 
Mark  these  points  on  the  center  line  inir,  draw  the  line  of 
extreme  projection  first,  which  will  be  found  to  be  12  inches 
from  the  frieze;  now,  at  right  angles  to  the  frieze  of  the  side 
window,  12  inches  from  and  parallel  thereto,  draw  the  side- 
cornice  line  of  extreme  projection;  from  the  intersection  of 
these  lines  to  the  angle  of  the  outside  casing  draw  the  miter 
line.  All  the  points  of  the  cornice  members  can  now  be 
projected  from  the  center  line  inn,  forward  to  this  miter 
line;  and,  by  the  use  of  the  45°  triangle  on  the  T square, 
these  lines  can  be  continued  across  the  side  window.  The 
angle  of  intersection  of  the  outer  lining  of  the  frame  with 
the  face  line  of  the  main  wall,  a reentering  angle  of  135°, 
should  be  bisected  according  to  the  method  explained  in 
Art.  ,31 , Geometrical  Drawing ; the  line  of  bisection  will  be 
the  miter  for  the  bed  molds,  which  continue  along  the  main 
wall.  Observe  that  the  projection  of  the  main  cornice  is 
greater  than  that  of  the  bay  window,  and  is  19£  inches  from 
the  face  line  of  the  wall.  Bisect  the  angle  at  the  intersec- 
tion of  this  line  with  that  of  the  side  window;  the  line  of 
bisection  will  be  the  miter  for  the  crowning  members  of  the 
cornice.  Now  lay  off  the  dentils,  which  measure  2\  inches 
on  the  face.  Begin  on  the  face  line  of  the  dentil  course  at 
the  centerline  inn,  and  mark  one-half  the  width,  which  is 
l\  inches;  then,  at  the  angle,  mark  a full  dentil.  Mark  a 
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point  in  the  center  of  the  width  of  this  dentil,  and  divide  the 
length  of  the  line  between  this  point  and  the  center  line  mn 
into  ten  equal  parts,  as  explained  in  Art.  31,  Geometrical 
Drawing , which  will  give  the  center  of  each  dentil.  With 
the  dividers  set  to  1*-  inches,  mark  the  points  on  each  side 
of  center,  thus  obtaining  the  width  and  position  of  each 
dentil;  draw  the  line  that  denotes  the  depth  of  the  channel 
between  them,  which  is  1^  inches,  and  complete  the  dentils. 
To  locate  the  dentils  on  the  side  window,  first  mark  one-half 
the  width  of  dentil  from  each  angle  and  divide  the  remainder 
of  the  line  into  thirteen  equal  parts,  and  proceed  as  before. 
Having  finished  the  dentils,  project  vertical  lines  from  the 
plan  to  the  elevation,  Fig.  2,  their  position  on  the  elevation 
being  the  same  as  would  be  seen  on  the  plane  perpendicular 
to  the  line  mn.  The  intersections  of  the  cornice  molds,  etc. 
can  also  be  projected,  and  the  cornice  and  molds  completed 
on  Fig.  2. 

Before  the  balustrade  can  be  drawn  in  Fig.  2,  it  will  be 
necessary  to  draw  Fig.  1,  which  is  a plan  of  the  balcony  over 
the  bay  window  as  seen  from  above.  Begin  by  drawing  the 
face  line  of  the  attic  wall,  at  a distance  of  f inch  from  the 
upper  border  line,  and  perpendicular  to  the  line  mn. 

Then  draw  the  center  line  of  the  balustrade  3 feet  from, 
and  parallel  to,  the  attic  wall.  On  this  line  lay  off  the  angu- 
lar point  3 feet  from  the  center  line  m n.  Mark  the  distance 
of  return  of  the  attic  wall  from  the  center  line  m n,  which  is 
0 feet.  Join  this  point  to  the  angular  point  on  the  center 
line  of  the  front  cap  rail,  by  a line  that  will  define  the  center 
line  of  the  side  rail.  Draw  the  edges  of  the  cap  rails  at  a 
distance  of  2^-  inches  from  the  centerline.  Observe  that  the 
rails  are  of  the  same  width  as  the  angle  post.  Now  draw 
this  post,  the  size  on  the  face  lines  being  4J-  inches  on  each 
side  of  the  angle,  and  the  returns  at  right  angles  with  the 
rails.  Then  draw  the  post  at  junction  with  the  attic  wall, 
the  angle  being  3J-  inches  from  it,  and  the  width  on  the  face 
line  of  the  side  being  4J-  inches,  the  return  being  at  right 
angles  with  the  rail.  From  the  intersection  of  this  return 
with  the  inner  line  of  the  rail,  draw  a line  at  light  angles 
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with  the  attic  wall.  Now  indicate  the  position  of  the  balus- 
ters under  the  side  rail  in  dotted  lines,  as  shown.  As  the 
balusters  are  3 inches  square,  draw  the  face  lines  11  inches 
on  each  side  from  the  center  line  of  the  rail ; lay  off  11  inches, 
which  is  one-half  the  thickness  of  the  baluster  on  each  post, 
and  divide  this  line,  which  is  thus  3 inches  longer  than  the 
space  between  posts,  into  eight  equal  parts,  which  will  locate 
the  center  of  each  baluster.  With  the  dividers  set  to 
1 \ inches,  lay  off  from  each  center  the  position  of  the  individ- 
ual balusters  and  draw  them,  the  edges  being  perpendicular 
to  the  center  line. 

Next  draw  the  balustrade  of  Fig.  2,  beginning  by  project- 
ing the  lines  of  the  posts  down  from  Fig.  1.  This  done,  pro- 
ceed to  draw  the  balustrade  on  the  front  of  window.  Project 
the  lines  of  the  rail  and  the  base  from  Fig.  4.  To  draw  the 
ramp  of  the  rail,  locate  the  center  of  the  curve  at  a distance 
of  0 inches  from  the  post,  and  at  a distance  of  4 inches  above 
the  upper  edge  of  the  rail.  From  this  center,  with  a radius 
of  4 inches,  describe  the  vertical  curve  of  the  upper  face  of 
the  rail;  with  a radius  of  8 inches,  describe  the  curve  of 
the  lower  face  of  the  rail.  Draw  a horizontal  line  from  the 
center,  from  which  the  curves  are  described  forward  to 
the  post,  from  which  measure  down  4 inches,  the  thickness 
of  the  rail,  and  draw  the  lower  line  of  the  rail.  At  the  inter- 
section of  this  line  with  the  curve,  draw  the  miter  line.  Now 
draw  the  curved  lines  defining  the  members  from  the  hori- 
zontal line  up  to  this  miter,  and  from  their  intersections 
continue  them  forward  to  the  post. 

Careful  observation  will  show  that,  as  this  miter  line  does 
not  bisect  the  angle  of  90°  formed  between  the  upper  hori- 
zontal line  of  rail  and  the  tangent  line  to  the  curve,  it  is  not 
a true  miter,  and  that  the  short  section  of  horizontal  rail 
against  the  post  will  vary  slightly  in  outline  from  that  of  the 
other  rail ; but,  as  the  ramps  are  worked  out  of  a solid  block, 
the  molding  is  developed  to  suit  the  shape  at  the  miter  line. 

Now  draw  the  rail  over  the  side  window,  the  ramps  of 
which,  being  projected  on  a plane  that  is  turned  at  an  angle 
of  45°  from  the  face  line  of  side  window,  present  a complex 
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appearance.  First  draw  the  horizontal  lines  of  the  rail;  the 
main  lines  of  the  ramps  can  be  drawn  approximately  as  fol- 
lows: Project  the  joint  line  1-1'  and  the  miter  line  2-2' , from 
Fig.  2,  to  1"-1'"  and  2"-2"'-2vl , in  Fig.  1.  Transfer  these 
lines  to  each  end  of  the  side  rail,  which  will  define  these  joint 
and  miter  lines  in  the  position  they  occupy  on  the  side  rail. 
Now  project  the  joint  lines  3-3'-8 " and  and  the 

miter  lines  5-5' -5"  and  6-6' -6",  from  Fig.  1 down  to  Fig.  2. 
The  intersection  of  the  line  from  point  5 with  the  horizontal 
relative  line  on  Fig.  2 will  give  the  point  where  the  curve 
begins,  and  the  line  from  point  3 will  give  the  point  where 
the  curve  joins  the  straight  line.  The  lines  from  points  5' 
and  3'  on  the  center  line  of  the  rail  will  give  the  points  on 
the  center  line  of  the  rail  in  Fig.  2,  where  the  curve  begins 
and  ends;  similarly,  the  lines  from  5"  and  3"  will  give  the 
beginning  and  the  end  of  the  curve  on  the  inner  edge  of  the 
rail.  Join  the  points  with  an  irregular  curve,  drawing  in 
the  lower  curve  and  the  intervening  members.  Locate  the 
ramp  next  to  the  angular  post  in  a similar  manner.  The  cap 
rails  being  now  drawn,  finish  the  caps  and  bases  of  the  posts 
and  draw  in  the  balusters;  begin  with  those  over  the  front 
window,  lay  off  \ \ inches  (which  is  one-half  of  the  thickness 
of  the  baluster)  on  the  post  at  the  base  rail,  and  divide  the 
line  between  this  point  and  the  center  line  in  n into  seven 
equal  parts;  the  divisional  points  will  be  the  center  of  the 
balusters;  with  the  dividers  set  to  1J-  inches,  mark  the  edges 
from  these  centers  and  draw  the  vertical  lines.  Now  draw 
the  horizontal  lines  by  projecting  them  from  Fig.  4,  and 
complete  the  balusters.  Draw  the  balusters  over  the  side 
window,  first  drawing  the  center  lines  by  projecting  them 
from  the  center  of  the  balusters  indicated  under  the  side  rail 
on  Fig.  1.  Then  draw  the  horizontal  lines  defining  the  height 
of  the  blocks  at  top  and  bottom  of  the  baluster.  This  done, 
project  the  angles  of  the  blocks  down  from  Fig.  1,  which 
gives  them  the  appearance  of  lapping  over  one  another. 
Observe,  also,  that  the  blocks  measure  less  in  width  on  the 
face,  this  being  caused  by  the  fact  that  the  face  of  the  object 
represented  is  not  parallel  to  the  plane  on  which  it  is  drawn, 
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this  diminution  being  proportionate  to  the  angle  that  the 
object  makes  with  the  plane  to  which  it  is  projected.  This 
applies,  however,  only  to  angular  objects,  or  those  not  cir- 
cular on  the  plan.  The  baluster  sections,  which  are  turned, 
are  circular  on  the  plan,  and,  therefore,  do  not  change  in 
appearance.  Having  already  drawn  the  center  lines  for 
them,  draw  the  horizontal  lines  across  for  the  molded  por- 
tions; locate  the  centers  from  which  the  curves  are  drawn, 
and  complete  the  balustrade.  Observe  that  the  eave  mold 
abuts  against  the  wall  post.  The  height  of  these  lines  above 
the  cornice  can  be  obtained  from  Fig.  G.  The  intersection 
can  be  projected  from  Fig.  1,  but  not  until  the  cornice  lines 
have  been  drawn  in  position.  Proceed  to  lay  down  the  cor- 
nice lines  on  Fig.  1.  From  the  center  line  of  the  rail  lay  off 
the  cornice  projection,  which  is  13^  inches  from,  and  par- 
allel to,  it.  The  side  cornice  is  also  13|  inches  from,  and 
parallel  to,  the  center  line  of  the  side  rail,  and  the  main  cornice 
is  19^  inches  from  the  line  of  the  attic  wall.  This  line  being 
drawn,  draw  a line  4 inches  from,  and  parallel  to,  it,  which 
defines  the  crown  slope  of  the  cornice,  which  is  shown  on 
Fig.  4.  The  line  adjacent  to  this  one  is  the  intersection  of 
the  slope  of  the  side  of  the  gutter  with  the  bed.  As  the 
sides  of  the  gutter  are  sloped,  the  width  of  the  bed,  or  bot- 
tom of  the  gutter,  diminishes,  as  was  explained  relative  to 
the  gutters  on  veranda  roofs.  Locate  this  line  by  the  divi- 
ders applied  to  scale. 

By  reference  to  Fig.  G,  which  is  a section  of  the  main  cor- 
nice at  the  eavc,  it  will  be  seen  that  the  molding  that  over- 
hangs the  gutter  projects  G inches  beyond  the  face  line  of 
the  wall.  On  Fig.  1,  at  a distance  of  G inches  from  the  attic 
wall  (which  is  on  the  same  line  as  the  face  line  of  the  main 
wall),  draw  the  line  of  this  eave  mold,  which  will  intersect 
with  the  line  of  post.  This  intersection  being  found,  it  can 
be  projected  down  to  Fig.  2.  The  slope  line  above  this 
intersection  on  Fig.  2 shows  the  intersection  of  the  inclined 
plane  of  the  roof  with  the  face  of  the  post.  Now  complete 
Fig.  1.  Draw  the  lines  that  represent  the  molded  caps;  also, 
draw  the  line  in  advance  of  the  rail  that  shows  the  edge  of 
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the  gutter.  The  line  in  advance  of  the  eave  mold  is  the 
intersection  of  the  slope  of  the  side  of  gutter  with  the  bed. 
Draw  the  miter  lines  and  the  hip  line  shown,  which  is  the 
junction  of  the  inclined  surfaces  of  the  balcony  floor.  The 
post  in  Fig.  4 can  now  be  completed  by  projections  from  the 
post  on  Fig.  2.  Figs.  1,  2,  3,  and  4 should  now  be  carefully 
examined  and  compared  with  the  engraving,  errors  cor- 
rected, and  omissions  filled  in. 

Now  draw  Fig.  5,  which  is  a transverse  section  through 
the  head  of  the  first-story  bay  window,  to  show  the  con- 
struction of  the  molded  course,  the  sill  on  which  the  frame 
wall  of  the  second  story  is  erected,  the  head  of  the  window 
frame,  etc. 

Begin  by  drawing  the  face  line  of  the  wall,  projecting  down 
from  Fig.  4,  as  it  occupies  the  same  plane.  At  a distance  of 
12  inches  from  the  face  line,  draw  the  inner  line  of  the  brick 
wall,  from  which  draw  the  furring  and  plastering  lines,  each 
1 inch  apart,  total  14  inches,  as  shown.  Show  the  stone 
lintel  on  the  outside,  7 inches  thick,  the  balance  being  occu- 
pied by  the  brick  arch;  lay  off  the  thickness  of  the  frame 
wall,  which  is  7 inches,  1 inch  of  which  is  for  the  wall  sheath- 
ing, o inches  for  the  stud,  and  1 inch  for  the  lath  and  plaster; 
draw  the  top  line  of  stone  lintel  and  brickwork  at  a distance 
of  lj-t-  inches  from  the  lower  border  line  and  at  right  angles 
with  the  face  line  of  wall ; mark  the  depth  of  stone  lintel 
10  inches,  and  form  the  reveal  4 inches  deep  from  face  line. 
Observe  that  the  stone  at  this  depth  is  checked  1 inch  deep, 
to  allow  the  outer  lining  of  window  frame  to  pass  up  behind 
it;  this  forms  a weather  check,  as  it  is  called.  The  soffit, 
or  bottom  of  the  brick  relieving  arch,  behind  the  stone  lintel, 
is  shown  with  a rise  of  1 inch  above  the  springing  line  at 
jamb.  At  a distance  of  2 inches  below  the  bed  of  the  lintel, 
draw  the  line  of  head-jamb;  the  sizes  of  the  parts  of  the 
frame  are  the  same  as  those  given  for  the  window  frames 
already  drawn.  The  space  between  the  inner  face  of  win- 
dow frame  and  face  of  plaster  is  occupied  by  what  is  called 
a jamb  lining,  which  is  ^ inch  above  the  line  of  head-jamb. 
Now  draw  the  inside  casing,  or  trim,  which,  in  this  case,  has 
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a cornice  supported  by  molded  brackets;  draw  the  sill  on  top 
of  the  brick  wall,  and  show  a ^-inch  joint  for  the  mortar  bed; 
draw  the  molded  course,  as  shown,  which  projects  6 inches 
from  face  of  wall.  Mark  the  point  where  the  curved  sheath- 
ing starts  from  the  straight  line,  which  is  17f  inches  above 
the  crown  of  fillet.  Connect  these  points  by  an  irregular 
curve.  It  would  be  well,  however,  to  mark  a point  in  the 
center  of  curve,  to  insure  accuracy.  To  do  this,  mark  a 
point  on  the  wall  line  9 inches  below  the  highest  point  of 
curve,  and  from  this  point  draw  a line  at  right  angles  to 
wall,  and  find  the  distance  to  its  intersection  with  the  curve ; 
lay  off  this  distance  on  the  drawing,  and  mark  the  point.  A 
line  used  in  this  connection  is  called  an  ordinate , and  is  of 
great  value  in  locating  any  number  of  points  on  a curve. 
At  a distance  of  3 feet  inch  above  the  line  of  jamb  lining, 
lay  off  the  line  of  second-floor  level  and  subdivide  this  dis- 
tance, as  shown,  If  inches  for  two  thicknesses  of  floor  (the 
rough  one  and  the  finished  one),  10  inches  for  floor  joist, 
6f  inches  for  plastering  and  plaster  cornice,  and  8f  inches  for 
the  wall  frieze.  Observe  that  the  cornice  of  trim  is  carried 
across  the  wall,  occupies  the  position  of  an  architrave,  and 
is  utilized  as  a picture  molding.  Draw  in  these  lines  and  the 
moldings  and  dentils  of  the  cornice.  Observe  that  there  is 
a nailing  strip  on  the  lower  edge  of  the  joist,  to  which  the 
furring  strip  is  attached,  and  that  the  joist  is  shown  spiked 
to  the  stud,  and  is  further  supported  by  a vertical  block 
extending  from  the  under  edge  down  to  the  sill,  which  is 
also  spiked  to  stud. 

After  completing  this  figure,  proceed  to  draw  Fig.  G, 
which  is  a transverse  section  of  the  main  cornice,  etc. ; from 
the  center  line  of  the  wall  o p , draw  the  thickness  of  the  main 
wall,  showing  the  thickness  of  the  sheathing,  and  of  the  lath 
and  plaster.  Draw  the  top  line  of  the  wall  plate  at  right 
angles  to  center  line  op,  and  at  a distance  of  If  inches  from 
the  upper  border  line ; the  wall  plate  is  constructed  with  two 
thicknesses  of  2"  X 5"  scantling  ; at  a distance  of  2 feet 
9^  inches  from  top  of  wall  plate,  draw  the  edge  of  frieze  and 
its  thickness,  1|  inches;  from  the  edge  lay  off  the  width  of 
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frieze,  9^  inches,  6 inches  to  drip  of  corona,  inches  for  the 
corona  and  covering  member,  and  3 inches  for  the  slope  of 
the  crown.  Draw  these  horizontal  lines,  and  subdivide  them 
for  the  molded  members.  Observe  that  the  molds  are  iden- 
tical with  those  drawn  in  Fig.  4 for  cornice  of  the  bay  window, 
which  is  practically  the  main  cornice  with  reduced  projection. 
Mark  the  line  of  projection  18  inches  from  face  of  frieze;  at 
the  intersection  of  this  line  with  the  line  drawn  for  the  top 
of  covering  member  of  cornice,  draw  the  pitch  or  slope  line 
of  roof.  This  pitch  is  given  as  10  inches  in  1 foot,  which 
means  that  for  each  foot  of  horizontal  distance  the  vertical 
height  will  be  10  inches.  Draw  a horizontal  line  from  top 
of  covering  member  of  cornice,  say  3 feet  long  by  scale ; the 
vertical  height  will  then  be  30  inches,  or  2 feet  6 inches. 
Draw  this  line,  connect  its  upper  point  with  the  point  at  top 
line  of  cornice,  which  will  give  the  pitch  line  of  roof;  12  inches 
is  therefore  the  base  of  the  triangle,  10  inches  its  vertical 
height,  and  the  slope  or  pitch  length,  the  hypotenuse.  Now 
draw  the  thickness  of  the  roof  boarding,  1 inch,  and  the 
depth  of  rafters,  6 inches;  these  lines  when  drawn  will  show 
the  foot-cut  on  the  end  of  the  rafter  where  it  rests  on  the 
wall  plate.  A section  of  the  rafter,  called  the  toe,  runs  over 
the  plate  to  support  the  roof  boarding,  to  which  the  eave 
mold  can  be  attached.  Now  draw  the  boarding  of  the  gutter, 
as  shown.  Observe  that  the  corona  of  the  cornice  and  the 
gutter  are  supported  by  the  strip  that  is  run  out  from 
the  floor  joist,  to  which  it  is  spiked,  and  which  is  called  the 
lookout,  or  cantilever,  and  is  usually  from  1|-  inches  to 
2 inches  thick,  to  insure  strength  and  thickness  for  nailing 
the  boarding  and  blocks  to  it,  which  form  the  cradle  of  the 
gutter.  Now  draw  the  plaster  cornice  and  complete  the 
figure. 

Next  draw  Figs.  7 and  8,  which  are  details  relative  to  the 
construction  of  the  front  and  side  verandas,  Fig.  7 being  a 
one-half  elevation  of  one  of  the  bays,  or  divisions,  of  the 
front-veranda  arcade,  and  Fig.  8 a transverse  section  of 
same.  Begin  by  drawing  the  center  line  q r of  Fig.  8 at  a 
distance  of  1^  inches  from,  and  parallel  to,  the  right-hand 
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border  line.  Then  draw  the  top  line  of  the  water-table,  at  a 
distance  of  3f  inches  from  the  lower  border  line,  and  parallel 
thereto  draw  the  ground  line  at  a distance  of  3 feet  below, 
and  parallel  to,  the  top  of  IV.  T.  Subdivide  this  distance 
with  horizontal  lines,  beginning  at  the  top,  with  74  inches 
for  base  of  post,  7^  inches  for  floor  and  facia,  1 7^  inches  for 
height  of  pier,  and  4 inches  for  ground  table,  or  sill.  At  a 
distance  of  4%  inches  to  the  left  of  center  line  qr , draw  the 
outer  face  line  of  pier,  and  7-§-  inches  to  the  right  of  center 
line  draw  the  inner  face  line  of  pier;  at  a distance  of  inches 
from  outer  face  line  of  pier,  draw  the  edge  line  of  floor;  from 
the  intersection  of  the  edge  line  with  the  floor  line,  draw  the 
upper  face  of  floor  to  a pitch  of  \ inch  to  1 foot;  draw 
the  thickness  of  floor,  1^  inches,  and  draw  the  lower  edge 
of  floor  joist  which  rests  on  top  of  pier.  Draw  the  front 
beam  or  joist,  as  shown,  4 inches  thick,  the  back  face 
being  on  the  center  line  qr.  Then  draw  the  facia  and  bed 
mold,  and  the  screen  frame  with  the  strips  that  keep  it  in 
position,  the  bottom  strip  being  secured  to  plugs  inserted  in 
the  stone  sill.  Having  finished  the  pier  and  floor  construc- 
tion, draw  a line  at  a distance  of  8 feet  9 inches  from  top  of 
IV.  T.,  which  will  be  the  height  of  window  lintel  marked 
W.  L.,  with  which  the  top  edge  of  the  frieze  of  arcade  is  in 
line.  The  value  of  these  lines  will  be  fully  understood  when 
the  elevation  of  the  building  is  projected  in  a subseeprent 
plate.  Beginning  at  the  top  of  W.  7'.,  subdivide  this  dis- 
tance with  horizontal  lines,  2^  inches  for  lower  block  of 
baluster,  14^  inches  for  the  height  of  the  turning  of  baluster, 
2 inches  for  xrpper  block  of  baluster,  2 inches  for  baluster 
rail,  and  2 inches  for  cap  rail,  4 feet  for  shaft  of  post  above 
cap  rail,  94  inches  for  capital  of  post,  13f  inches  for  the  rise 
of  arch,  4f-  inches  to  top  of  astragal  member,  G^-  inches  for 
the  frieze,  8^-  inches  for  the  cornice,  of  which  3|-  inches  is 
for  the  bed  mold. 

Now  draw  the  face  lines  of  post  and  frieze,  which,  being 
7 inches,  will  be  3^-  inches  on  each  side  of  the  center  line, 
and  draw  the  projection  of  cornice  15  inches  from  the  frieze 
line.  From  the  intersection  of  this  line  with  the  crowning 
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line  of  cornice,  draw  the  pitch  line  of  roof  (the  pitch  is 
4 inches  to  1 foot) ; then  draw  the  roof  boarding,  rafter,  and 
ceiling  joist,  the  lower  edge  of  the  ceiling  joist  being  2 feet 
51.  inches  above  the  top  of  capital  of  post.  The  ceiling  joists 
on  which  the  rafters  rest  are  supported  by  a longitudinal 
beam,  which  is  4 inches  thick  by  10  inches  high.  After 
drawing  the  beam,  draw  the  cornice  molds.  Observe  that 
the  arch-key  block  projects  \ inch  below  the  soffit,  or  under 
face  of  the  arch.  Draw  the  molds  comprising  the  capital  of 
the  post,  the  measurements  of  heights  and  projections  being 
given  on  Fig.  7.  Then  draw  the  channels  cut  across  the 
face  of  the  post  to  define  the  pedestal  block  on  the  post. 
Draw  the  section  of  balustrade  composed  of  the  cap  rail, 
baluster,  and  base  rail;  the  moldings  of  the  baluster  can  be 
drawn  with  the  bow-pencil;  after  which,  join  the  curved 
members  with  straight  lines  as  required. 

After  completing  Fig.  8,  proceed  with  Fig.  7.  Begin  by 
drawing  the  center  line  s t at  a distance  of  1 foot  10  inches 
from,  and  parallel  to,  center  line  q r , and  draw  center  line  u v 
at  a distance  of  4 feet  4|  inches  from,  and  parallel  to,  s t. 
Then  draw  the  thickness  of  the  post,  of  which  u v is  the 
center  line.  Project  all  the  horizontal  lines  from  the  post 
in  Fig.  8,  and  finish  the  base  pedestal  block  and  the  capital 
of  the  post.  Observe  that  a flat  disk  is  formed  in  the  face  of 
the  pedestal  block  by  cutting  a channel,  or  groove,  around 
same.  Now  draw  the  pier,  ground  table,  screen,  and  floor 
finish  by  first  projecting  the  horizontal  lines  from  Fig.  8. 
From  the  intersection  of  the  ground  line  with  the  center 
line  st,  with  a radius  of  10  feet  inches,  describe  the  soffit 
line  of  the  arch,  making  it  compound  by  uniting  the  small 
curve,  which  has  a radius  of  5f  inches,  the  center  of  which 
is  on  the  line  defining  the  top  of  capital.  Increase  the  radii 
T3g  inch  for  the  line  of  fillet,  and  1 inch  from  the  first  meas- 
urement for  the  edge  of  angle  mold.  Now  project  the  hori- 
zontal lines  of  the  cornice,  etc.  from  Fig.  8,  and  draw  the 
tri glyphs,  or  grooved  tablets,  which  are  shown  on  the  frieze, 
one  being  placed  over  the  center  of  the  post,  and  one  over 
the  center  of  the  arch,  where  the  key  block  of  the  arch  is 
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treated  as  supporting  it.  At  the  triglyph  over  the  post,  the 
fillet  of  the  astragal  is  widened,  to  show  extra  support  for  it, 
the  lower  end  being  cut  into  a series  of  dovetail  guttse,  or 
drops. 

Now  draw  the  balustrade,  projecting  the  members  from 
Fig.  8;  lay  off  the  balusters,  first  marking  a point  inches 
(one-half  the  width  of  baluster)  on  the  face  of  the  post. 
Then  divide  the  distance  between  this  point  and  the  center 
line  pt  into  eleven  equal  parts;  the  points  of  division  will 
be  the  center  lines  of  the  balusters.  Draw  these  center  lines 
full  height  of  balusters.  Then  lay  off  the  edges  of  balusters 
by  the  dividers  from  the  center  lines;  locate  the  centers  of 
the  baluster  moldings  and  describe  the  curves,  after  which 
draw  the  straight  lines  between  the  curves  and  complete  the 
figure. 

Now  ink  in  the  figures,  draw  the  dimension  lines,  write  in 
the  dimensions,  and  letter  the  figures,  titles,  and  other  items 
of  information,  where  shown  on  the  engraving. 


DRAWING  PLATE,  TITLE:  FRONT  ELEVATION 

1G.  This  plate  shows  a vertical  section  through  A R 
indicating  the  mode  of  constructing  the  wall  of  the  building, 
and  the  leading  measurements  from  which  the  structure 
would  be  erected.  This  section  carefully  drawn  will  give 
the  accurate  position  of  the  various  horizontal  subdivisions 
of  the  wall,  from  which  all  the  horizontal  lines  on  the  eleva- 
tion will  be  projected.  The  remainder  of  the  plate  is  occu- 
pied by  the  front  elevation  of  the  suburban  residence, 
of  which  the  student  has  already  drawn  the  first-story  plan, 
the  second-story  plan,  and  the  plate  of  details,  the  figures  of 
which,  he  will  readily  observe,  are  incorporated  in  the  eleva- 
tion, and  will  thus  be  enabled  to  draw  the  elevation  more 
intelligently. 

The  drawing  is  to  be  made  to  a scale  of  \ inch  = 1 foot. 
First  draw  the  vertical  section,  in  which  the  greatest  care 
and  precision  should  be  used  in  order  to  secure  a satisfactory 
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projection  of  the  elevation.  Draw  the  outer  face  line  of  wall 
above  the  water-table,  at  a distance  of  £ inch  from,  and  par- 
allel to,  the  left-hand  border  line,  and  draw  the  ground  line  at 
a distance  of  f inch  from,  and  parallel  to,  the  lower  border 
line.  Draw  the  first-floor  level  at  a distance  of  3 feet  above 
the  ground  line,  the  second-floor  level  at  a distance  of  10  feet 
10  inches  from  the  first-floor  level,  and  the  attic-floor  level 
at  a distance  of  10  feet  above  the  second-floor  level.  From 
each  of  these  floor-level  lines  draw  the  lines  representing  the 
floor,  the  depth  of  joist,  and  the  lath  and  plaster  on  the  ceil- 
ing. Observe  that  the  first  and  the  second  floor  are  double, 
that  is,  consist  of  two  thicknesses.  Now  draw  the  cellar 
wall,  or,  rather,  that  portion  of  it  which  projects  above  the 
ground  line.  This  section  of  the  wall  is  sometimes  called 
underpinning , and  it  is  usually  faced  with  dressed  stonework, 
or  pressed  brick  superior  to  that  in  the  body  of  the  wall. 
The  wall  is  18  inches  thick,  and  its  face  line  is  4 inches  in 
front  of  the  face  line  of  the  upper  wall.  The  face  above  the 
ground  line  consists  of  a ground  table  4 inches  thick,  which 
projects  1^  inches  in  front  of  the  wall,  three  ranges  of  regu- 
lar coursed  ashlar  or  squared  stonework,  and  a water-table, 
the  upper  surface  of  which  is  cut  with  a wash,  or  inclined 
surface,  to  shed  the  water.  Draw  these  courses  and  show 
their  width  on  the  bed  in  the  wall.  Observe  that  the  courses 
vary  in  width  alternately  (this  is  what  is  called  the  bond  in 
masonry),  and  that  the  end  of  the  floor  joist  is  cut  on  an 
angle.  This  allows  a joist  to  deflect  under  a load  without 
straining  the  wall  over  it,  and  in  the  event  of  a fire  the  joists 
can  fall  downwards  without  overturning  the  wall.  In  a 
building  of  this  character,  however,  these  advantages  are  of 
no  great  importance. 

Now  draw  the  first-story  wall,  which  is  12  inches  thick, 
and  built  of  brick,  up  to  the  top  of  stone  lintel  course,  which 
is  8 feet  9 inches  above  top  of  water-table.  At  this  level 
draw  the  wooden  sill,  which  is  4 inches  thick,  on  which  is 
erected  the  frame  wall  of  the  upper  story.  Then  draw  the 
wall  sheathing,  which  is  1 inch  thick,  and  is  brought  down 
to  the  bed  of  the  sill ; the  width  of  studding,  which  is  5 inches; 
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and  the  lath  and  plaster,  1 inch  thick.  Draw  the  top  line  of 
plate  of  frame  wall,  which  is  12  feet  10  inches  above  the  top 
of  lintel  course.  The  plate  is  composed  of  two  thicknesses 
of  scantling,  each  of  which  is  2 inches  thick  and  o inches 
wide.  Draw  the  pitch  line  of  roof  from  a point  that  is  at 
the  intersection  of  the  projection  line  of  cornice,  18  inches 
from  frieze,  and  a horizontal  line  drawn  111  inches  below 
top  of  wall  plate;  parallel  with  the  pitch  line  of  roof  draw 
the  roof  boarding  and  the  lower  edge  of  rafter,  after  which 
draw  the  outline  and  construction  of  the  main  cornice,  taking 
the  measurements  from  Fig.  6 of  plate  entitled,  Details. 
Then  draw  the  molded  course  above  the  stone  lintel  course, 
the  particulars  of  which  are  shown  in  Fig.  5 of  the  same 
plate. 

While  this  section  is  on  line  A B,  and  would  therefore  not 
show  the  position  of  the  window  openings,  still,  for  con- 
venience, the  necessary  data  are  drawn  on  this  plane,  as 
shown  by  dotted  lines.  The  height  of  the  window  sills  from 
the  floor  and  the  distance  of  the  lintels  from  the  ceiling  will 
determine  the  height  of  the  windows.  Having  finished  the 
vertical  section,  proceed  to  develop  the  front  elevation, 
which,  as  in  Fig.  2 of  the  previous  plate,  is  done  by  project- 
ing those  structiiral  lines  of  the  building,  which  would  be 
seen  when  viewing  it  from  the  front,  on  a plane  assumed  to 
be  in  ^advance  of  the  building,  this  plane  being  at  right 
angles  to  its  axis,  as  center  line  a b on  the  first-story  plan, 
and  perpendicular  to  the  floor  level,  the  points  for  the  ver- 
tical lines  being  transferred  from  the  first-story  plan  and  the 
horizontal  lines  from  points  on  the  vertical  section,  which 
has  just  been  drawn.  The  point  of  sight  is  assumed  at  all 
times  to  be  at  right  angles  to  this  plane  of  representation. 

Begin  by  drawing  the  center  line  a b (which  occupies  the 
same  relative  position  as  the  center  line  a b on  the  first-story 
plan),  at  a distance  of  8-j-f  inches  from,  and  parallel  to,  the 
left-hand  border  line,  and  draw  the  ground  line  at  right 
angles  thereto,  projected  from  the  ground  line  of  vertical 
section.  Now  draw  the  vertical  center  line  inn  from  the 
position  of  the  center  line  of  bay  window  on  first-story  plan, 
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and  also  the  center  lines  qr  and  st,  all  of  which  are  to  be 
parallel  to  center  line  a b,  their  correct  location  to  be  ascer- 
tained from  first-story  plan.  Project  all  the  horizontal  lines 
from  the  vertical  section,  drawing  them  with  great  care,  as 
a slight  deviation  will  alter  the  proportions  of  the  molded 
sections.  As  the  top  of  the  eave  molding  on  the  gutter  in 
main  cornice  is  the  highest  point  drawn  in  the  section,  only 
those  horizontal  lines  which  are  below  this  can  be  procured 
from  the  section.  Commencing  at  this  line,  work  down- 
wards, drawing  fine  horizontal  lines  the  full  width  of  the 
sheet,  leaving  their  terminations  to  be  defined  when  the 
vertical  lines  are  projected.  The  lines  of  the  crowning 
member  of  the  veranda  cornice  and  the  lines  of  the  veranda 
gutter  are  not  shown  on  the  vertical  section,  and  points  for 
these  must  be  obtained  from  Fig.  8 of  the  previous  plate. 
Now  project  the  window  lintel,  sill,  and  frame  lines,  and 
the  top  line  of  water-table  from  the  section ; also,  the  lower 
line  of  the  cellar-window  lintels,  which  is  also  the  line  of  the 
lower  edge  of  floor  facia,  but  do  not,  as  yet,  draw  any  of 
the  joint  or  wash  lines  of  the  ashlar  masonry,  as  they  would 
be  likely  to  cause  confusion.  On  the  top  line  of  water-table, 
which  has  been  projected  from  the  vertical  section,  locate 
the  points  that  define  the  position  of  the  structural  lines 
which  the  first-story  plan  presents  to  this  plane. 

Working  to  the  left  of  the  center  line  mu,  take  the  follow- 
ing measurements  from  the  first-story  plan,  marking  them 
on  the  elevation  as  they  are  taken  off:  3 feet  to  external 
angle  of  window,  the  angle  where  the  side  of  the  bay  window 
intersects  the  house  being  3 feet  therefrom;  adding  this 
measurement  to  the  first  will  give  3 + 3 = G feet  as  the  dis- 
tance from  center  line  m n to  the  intersection  with  the  house 
line.  The  angle  of  the  building  is  9 feet  9 inches  from 
center  line  in  n,  and  the  wing  wall  of  dining  room  advances 
2 feet  G inches  beyond  this.  To  the  right  of  center  line  in  n , 
the  distance  to  external  angle  of  window  is  3 feet,  and, 
as  above  stated,  6 feet  to  the  reentering  angle.  Now, 
starting  from  center  line  a b,  to  the  left  is  a distance  of 
2 feet  6|  inches  to  the  center  line  of  window,  and  to  the  right 
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2 feet  2-|  inches  to  center  of  the  doorway,  then  a distance 
of  3 feet  4f  inches  to  the  return  angle  of  brick  wall,  which 
gives  5 feet  inches  from  centerline  a b\  from  this  wall,  at 
a distance  of  3 feet  4f  inches,  is  the  center  line  q r of  window, 
already  drawn ; at  a distance  of  3 feet  11^  inches  is  the  angle  of 
intersection  of  the  curved  wall  of  the  tower  with  the  face  line 
of  wall,  and  which  should  be  4 feet  inches  from  the  center 
line  t of  the  tower.  From  this  line  to  the  right,  at  a dis- 
tance of  6 feet  6 inches,  mark  the  point  that  shows  its  semi- 
diameter ; these  points  being  marked  with  the  needle  point 
on  the  top  line  of  water-table,  commence  at  the  right,  at  the 
last  point  plotted,  and  work  back  to  the  left,  checking  the 
measurements  by  reference  to  the  first-story  plan,  as  upon 
the  accurate  location  of  these  points  depends  the  value  of  the 
drawing.  Having  checked  in  this  manner,  further  check  a 
total  measurement  of  the  distance  of  the  point  limiting  the 
curved  wall  from  the  center  line  a b , which  should  be  23  feet 
7^  inches,  the  projection  of  the  curved  wall  from  the  straight 
return  wall.  Lay  off  to  the  left  of  center  line  a b a distance 
of  14  feet  If  inches  to  the  center  of  the  bay  window;  this 
distance,  added  to  the  distance  of  9 feet  9 inches  from  center 
of  bay  window  to  angle  of  parlor  wall,  gives  23  feet  lOf  inches. 
Now  check  the  total  frontage  that  the  building  presents  to 
the  plane,  which  should  be  50  feet.  If  all  the  points  have 
been  transferred  correctly,  draw  from  them  lines  perpen- 
dicular to  the  top  line  of  the  water-table,  continuing  them 
up  to  the  line  of  the  lower  edge  of  the  frieze  of  main  cornice. 

From  the  center  lines  of  window  openings  mark  a dis- 
tance on  each  side  equal  to  one-half  the  width  of  the  open- 
ing, and  draw  the  lines  from  the  sill  to  the  under  edge 
of  stone  lintel  course.  This  being  done,  lay  off  a point 
2 inches  from  each  of  these  jamb  lines  just  drawn  for  the 
width  of  the  window  frame,  and  another  one  2 inches  from 
the  first  for  the  width  of  sash  to  the  glass  line.  This  may  be 
done  by  means  of  the  dividers  set  to  2 inches.  This  space 
can  be  laid  off  at  all  the  jamb  lines,  and  then,  setting  the 
dividers  to  4 inches,  the  sash  line  can  be  marked.  Draw 
all  these  lines  parallel  to  the  jamb  lines.  The  frame  width 
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under  the  lintel  will  have  been  already  projected  from  the 
vertical  section,  so  draw  the  sash  width  2 inches  therefrom. 
Now  draw  the  sill  of  window  frame  and  the  sill  of  lower 
sash.  The  sill  of  window  frame  is  2 inches  thick,  the  upper 
surface  from  the  outer  edge  to  the  outer  face  line  of  sash 
being  worked  to  a pitch  of  \ inch.  The  sill  of  the  sash  is 
3^  inches  deep,  which  makes  a total  of  6 inches  from  top  of 
stone  sill  to  the  upper  edge  of  sash  sill,  or  lower  rail,  as 
it  is  sometimes  called.  Now  divide  ecpially  the  distance 
between  the  lower  edge  of  the  upper  rail  of  upper  sash  and 
the  upper  edge  of  the  lower  rail  of  lower  sash,  which  will 
give  the  center  line  of  the  meeting  rails.  Observe  that, 
while  only  one  rail  is  seen,  there  are  really  two,  the  meeting 
rail  of  the  lower  sash  being  situated  immediately  behind  that 
of  the  upper  sash,  which  is  shown.  The  stiles  of  the  upper 
sash  are  extended  below  the  line  of  the  meeting  rail  to  give 
additional  strength,  and  molded  as  shown. 

Having  finished  the  windows,  which  are  straight  and  par- 
allel to  the  plane  of  representation,  draw  the  window  frames 
and  sash  of  the  side  openings  of  bay  window.  The  walls  in 
which  they  are  placed  being  turned  at  an  angle  from  this 
plane,  their  actual  measurements  will  not  be  projected  on  it. 
By  reference  to  the  first-story  plan,  it  will  be  seen  that,  while 
the  measurement  of  the  side  of  bay  window  is  4 feet  3 inches, 
this  is  reduced  to  3 feet,  when  projected  to  the  line  of  the 
front  wall  of  window.  Any  subdivision  on  this  line  will  be 
reduced  in  proportion.  Observe,  also,  that  one  of  the  jambs 
is  turned  towards  the  plane  of  representation,  while  the 
other  is  turned  away  from  it.  In  the  former  case  the  brick 
jamb  and  the  jamb  of  window  frame  and  the  sash  can  be 
shown,  while  in  the  latter  case  none  of  these  can  be  shown. 
Observe  that  all  the  lines  of  window  frame  are  not  shown, 
owing  to  the  small  scale,  and  that  the  lines  of  the  outer 
lining  of  frame  and  the  parting  strip  are  omitted,  for  a similar 
reason.  The  jamb  line  of  window  frame  is  shown,  but  the 
|~inch  projection  of  the  outer  lining  is  omitted.  In  this 
manner  many  of  the  minute  details  of  construction  are  not 
designated  on  drawings  made  to  this  scale,  which  are  called 
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general  drawings,  but  the  most  minute  must  be  shown  on 
the  larger  scale  drawings,  called  detail  drawings.  In  order 
to  fully  understand  these  lines  and  the  position  that  they 
should  occupy  on  the  elevation,  make  a detail  drawing  of 
the  plan  of  the  side  window  to  a scale  of  f inch  = 1 foot  (the 
position  of  the  frame,  with  relation  to  the  jamb,  can  be  pro- 
cured from  Fig.  5 of  the  previous  plate),  and  draw  the  sash 
stiles  in  the  frame,  as  one  is  shown  on  Fig.  3 of  the  same 
plate.  In  this  case  show  both  sash  stiles  adjacent  to  each 
other.  This  being  done,  project  the  lines  forward  to  the 
extended  line  of  the  front  of  window.  The  points  on  this 
line  can  then  be  measured,  with  reference  to  the  jamb  line, 
and  transferred  on  the  reduced  scale  to  the  elevation.  This 
will  constitute  a practical  exercise  for  the  student,  and  he 
will  have  a more  intelligent  conception  of  the  value  of  the 
lines.  At  the  window  opening  in  the  curved  wall,  another 
exception  to  the  mode  of  showing  the  window  frame  and 
sash  in  a straight  wall  may  be  noted.  As  the  wall  curves 
from  the  plane  ill  the  same  ratio  on  both  sides  of  the  center 
line,  a portion  of  both  jambs  will  be  seen,  and  seen  alike,  as 
shown. 

Having  finished  the  first-story  windows,  draw  the  entrance 
doorway.  The  door  frame  shows  a molded  edge,  and  the 
jamb  stone  and  lintel  are  shown  with  a molded  architrave 
worked  on  same.  The  door  framing  is  arranged  to  show  a 
series  of  six  panels  in  the  lower  section,  while  the  lock  panel 
is  the  full  width  between  the  framing.  These  panels  are 
shown  with  moldings  around  the  framing;  the  center  of  the 
panels  is  raised,  as  indicated  by  the  position  of  the  shade 
lines.  Observe  that  the  framing  of  the  door  above  the 
paneling  is  reduced  in  width,  this  being  done  to  lighten  the 
appearance  around  the  glass  panel,  as  explained  in  Art.  1 1 . 

Now  draw  the  windows  of  the  second  story.  These  being 
in  a timber  wall,  the  method  of  showing  the  window  frame 
is  quite  different  from  that  of  the  first  story,  as  will  be  more 
clearly  seen  by  reference  to  the  previous  plate.  The  window 
frame  occupies  the  full  thickness  of  the  wall,  and  the  outside 
casing  has  to  be  of  sufficient  width  to  cover  the  pocket  for 
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the  sash  weights.  A sub- sill  is  inserted  under  the  regular 
sill  of  window  frame,  extending  beyond  the  face  of  outside 
casing.  In  this  case  the  sill  is  from  1 inch  to  1^  inches 
thick,  and  the  sub-sill  If  inches  thick.  At  the  bay  window, 
a casing,  or  apron,  is  shown  under  the  sub-sill.  Observe 
that  the  section  of  the  apron  under  the  angle  casings  is 
increased  in  depth.  This  is  to  give  an  appearance  of  addi- 
tional support  for  these  casings.  The  window  in  the  tower 
not  being  protected  by  the  main-roof  cornice,  has  the  cap,  or 
drip  member,  to  throw  the  water  drip  clear  of  the  casing. 
Draw  the  triglyphs  on  the  frieze.  By  referring  to  the 
second-story  plan,  it  will  be  seen  that  the  wall  surface  adja- 
cent to  the  center  line  qr  recedes  18  inches  from  the  face 
of  the  dressing-room  wall,  which  necessitates  consideration  of 
the  cornice  treatment,  unless  an  increased  amount  of  projec- 
tion is  given  to  the  cornice.  In  cases  like  this,  the  usual 
course  is  to  raise  the  cornice  to  suit.  In  order  to  retain  the 
general  cornice  level,  however,  the  wall  surface  is  continued 
above  it,  and  finished  at  the  intersection  of  the  roof  plane 
with  an  eave  mold. 

Now  draw  the  roof  lines;  as  will  be  seen  on  the  engra- 
ving, the  ridge  line,  or  intersection  of  the  inclined  planes  of 
the  main  roof,  is  located  at  a height  of  13  feet  inches 
above  the  cave  line.  At  a distance  of  4 feet  5f  inches  below 
the  ridge,  draw  the  eave  line  of  the  truncated  section  of  the 
roof.  The  intersection  with  the  ridge  will  be  found  to  be 
on  a line  with  the  reentering  angle  of  the  bay  window. 
Having  fixed  this  point,  draw  the  gable-cornice  projection, 
which  is  18  inches  from  the  frieze  line.  From  the  point  of 
intersection  of  this  line  with  the  eave  line  already  drawn,  draw 
the  slope  line  of  the  truncated  section  to  the  point  on  the 
ridge.  Draw  the  ridge  line  of  the  roof  over  the  dining-room 
extension,  which  is  7 feet  7 inches  above  the  eave  line,  and 
the  gable-comice  projection  18  inches  from  frieze  line.  Now 
draw  the  returns  of  the  cornice  molds  at  the  eaves,  as  shown. 
Draw  the  portion  of  the  cornice  of  the  kitchen  wing  which 
is  seen  beyond  the  wall  of  tower.  By  reference  to  the 
second  story  plan,  it  will  be  seen  that  the  center  of  tower  is 
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5 feet  from  the  outer  face  line  of  wall  of  the  stair  hall,  that 
the  wall  of  kitchen  wing-  advances  12  inches  from  same,  and 
that  the  cornice  projects  19^  inches  from  the  face  of  this 
wall,  which  will  give  a measurement  of  7 feet  7\  inches, 
the  distance  from  center  line  of  tower  to  the  eave  line  of 
the  kitchen  cornice.  Now  locate  the  ridge  intersection  of  the 
roof  plane  over  the  kitchen  wing.  First  draw  the  line  of 
the  wall,  which  is  19i  inches  from  the  point  just  marked.  By 
reference  to  the  second-story  plan,  it  will  be  seen  that  the 
ridge  is  14  feet  3 inches  from  face  of  wall.  Measure  this 
distance  on  the  eave  line  of  cornice  and  mark  a point,  and 
from  this  point  draw  a perpendicular  line.  Its  intersection 
with  the  ridge  line  will  be  the  point  desired.  Connect  this 
point  with  the  eave  line;  this  will  define  the  roof  plane. 
Draw  the  stone  chimney,  first  locating  the  center  line  op  at 
a distance  of  6 feet  2 inches  from  the  center  line  a b,  and 
drawing  a series  of  horizontal  lines  above  the  ridge  line 
from  the  dimensions  given,  locating  the  line  of  the  top  of 
the  chimney  base  12^-  inches  above  the  ridge;  then  indicate 
a course  of  8 inches,  the  height  of  the  panel  24  inches,  an 
architrave  course  of  10  inches,  the  frieze  and  bed  mold 
15  inches,  the  cap  14±-  inches,  and  the  terra-cotta  flue  caps 
11  inches  in  height.  Draw  the  vertical  lines  from  the  dimen- 
sions gi,ven  on  each  side  of  the  center  line,  19  inches  for 
the  width  of  base,  17  inches  for  the  shaft,  and  9 inches  for  the 
panel.  Other  dimensions  can  be  obtained  by  scale  measure- 
ments. Observe  that  the  flue  caps  are  square  on  plan  at 
the  base,  and  are  drawn  into  an  octagonal  form  at  the  top, 
and  that  the  triglyphs  have  flutes,  or  grooves,  cut  in  the 
face.  Having  completed  the  chimney  above  the  ridge  line, 
it  will  be  necessary  to  find  the  line  where  the  base  intersects 
the  inclined  roof  plane  in  its  passage  through  the  roof. 
Draw  an  outline  of  the  roof  planes  as  shown  in  Fig.  1,  the 
vertical  line  defining  a plane  passing  through  the  ridge. 
This  figure  is  a view  of  the  roof  as  seen  from  the  end  of 
the  building,  looking  towards  the  chimney.  As  the  base 
is  13  inches  to  the  right  of  the  vertical  line,  this  line 
when  drawn  will  give  the  point  of  intersection  with  the 
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roof  plane,  from  which  a line  can  be  projected  over  to  the 
chimney. 

Now  draw  the  dormer-window  over  the  bay  window.  The 
term  dormer-window  is  applied  to  a window  rising  from 
the  slope  of  a roof.  Lay  off  the  wall  lines  6 feet  from,  and 
parallel  to,  the  center  lines  mn,  draw  the  cornice  projections 
1G  inches  from  the  wall  surface,  and  at  a distance  of  6 feet 
1^  inches  below  the  ridge  line,  draw  the  eave  line;  as  the 
ridge  line  of  the  dormer-window  is  the  same  height  as 
the  ridge  line  of  the  main  roof,  connect  this  point  by  lines  to 
eave  points  already  found,  which  will  give  the  inclined  planes 
of  the  roof,  and  which  should  be  parallel  to  the  slope  line  of 
the  truncated  section  of  the  main  roof.  Draw  the  inclined 
and  horizontal  cornice  and  frieze  lines  from  scale  measure- 
ments, locate  the  door  and  window  openings  and  their 
casings  by  similar  means,  and  draw  the  semicircular  door 
head  and  architrave  casing;  after  which  draw  the  framing 
of  the  door  and  the  window  sash  and  draw  the  balustrade  in 
front  of  the  dormer-window,  taking  all  the  measurements 
and  details  from  Fig.  2 of  the  previous  plate. 

Draw  the  smaller  dormer-window,  which  is  located  on  the 
center  line  a b,  by  first  drawing  the  roof  planes.  Observe 
that  the  eave  line  is  level  with  that  of  the  large  window  adja- 
cent, and  that  its  distance  from  ab  is  35^  inches.  From  this 
point  draw  the  left-hand  roof  plane  parallel  to  that  of  the 
large  window,  and  draw  the  right-hand  plane  in  a similar 
manner;  from  the  ridge,  measure  down  3 feet  to  the  center 
of  the  circular  opening,  and  draw  the  circular  lines  that  rep- 
resent the  sash  and  framing,  securing  the  dimensions  by 
scale  measurements  from  the  engraving.  Draw  the  lines 
that  denote  the  width  of  the  window,  21%  inches  on  each  side 
of  the  center  line,  after  which  draw  the  sill  and  apron;  finish 
the  cornice  with  the  corbel  blocks  projecting  from  the  face 
of  the  window  returns  or  flanks,  and  the  pateras,  or  saucer- 
like ornaments,  sunk  in  the  face  of  casing  to  relieve  the  wide 
surface. 

Now  draw  the  terra-cotta  ridge  coping  and  finials  on  the 
main  roof;  the  coping  is  in  12-inch  lengths,  the  joints  of 
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which  are  shown,  and  draw  the  ridge  coping  of  the  roof  of 
dining-room  extension  and  the  finials  of  the  roof  dormer- 
windows. 

To  finish  the  roof  and  cornice  of  the  circular  tower,  begin 
by  drawing  the  eave  line  of  cornice  at  a distance  of  10  feet 
1 inch  above  the  eave  line  of  main  cornice;  then  complete 
the  cornice  and  frieze  by  scale  measurements  from  the  engra- 
ving, and  draw  the  double  window  on  front  and  that  portion 
of  a similar  window,  which,  while  facing  on  the  side  eleva- 
tion, by  following  the  curved  plan  of  tower,  presents  a por- 
tion to  the  front  elevation.  By  drawing  the  plan  of  the 
window  in  position  and  projecting  the  lines  forward  to 
the  front  line  of  the  building,  their  accurate  position  on  the 
elevation  can  be  determined. 

To  draw  the  curved  outline  of  the  roof,  first  locate  the 
centers  from  which  the  curves  are  struck,  from  the  measure- 
ments given,  and  draw  the  curves  with  their  respective  radii. 
Having  drawn  the  right-hand  curve,  locate  the  centers  on 
the  left-hand  curve,  and  complete.  The  curve,  or  flare,  at 
the  base  of  the  roof  is  sometimes  called  the  bcll-cast,  from  its 
resemblance  to  a bell,  while  the  roof  proper  is  called  an  ogee 
roof  from  its  form. 

Draw  the  finial  at  the  apex  of  the  roof  as  shown,  which 
consists  of  an  apron,  base,  shaft,  and  foliated  cap. 

Having  finished  the  tower  roof,  draw  the  curve  that  denotes 
the  line  of  intersection  of  the  roof  plane  with  the  circular 
wall  of  tower.  This  is  an  application  of  Fig.  4 of  plate 
entitled,  Intersections  and  Developments,  Geometrical  Draw- 
ing, and  is  explained  in  Art.  47>.  First  draw  a semicircular 
curve  with  a radius  equal  to  the  semi-diameter  of  the  tower, 
the  center  being  located  on  the  center  line  s t adjacent  to  the 
curve  and  at  right  angles  to  its  axis  w'  x.  Draw  a line  v n 
to  represent  the  horizontal  plane  at  the  eave  line  u'  x" , the 
point  u being  at  a distance  of  5 feet  4 inches  from  v.  From 
u draw  the  slope  line  u w of  the  roof,  the  pitch  being 
10  inches  to  1 foot;  project  u to  a point  u’  on  the  curved  line 
of  the  tower,  and  divide  the  arc  u'  w'  into  five  equal  parts; 
transfer  these  points  to  the  roof  line  u w by  lines  drawn 
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parallel  to  w'  x,  and  again  transfer  points  on  the  roof  line  to  the 
line  ay,  which  is  perpendicular  to  vu\  at  u"  erect  a vertical 
line  u"  y' , on  which  lay  off  spaces  equal  to  those  on  ay.  Now 
project  from  the  points  on  the  arc  vertical  lines  down  to  the 
curved  face  of  the  tower.  The  intersection  of  these  lines 
with  horizontal  lines  projected  from  the  points  on  a" y'  will 
give  points  on  the  desired  curve ; draw  a line  through  them 
by  means  of  an  irregular  curve,  and  draw  the  outline  of  the 
eave  mold  and  facia  as  shown,  which  abut  against  the  wall  of 
the  tower. 

Proceed  to  draw  the  veranda  by  first  locating  the  center 
lines  of  the  posts,  procuring  the  measurements  from  the  first- 
story  plan,  and  starting  from  the  center  a b on  plan  and  ele- 
vation. Draw  the  lower  edge  of  the  floor  facia  at  a distance 
of  14f  inches  below  the  top  of  water-table.  Then  draw  the 
width  of  the  facia,  the  thickness  of  the  floor,  and  the  bed 
mold,  the  total  width  being  rt\  inches,  as  shown  on  Fig.  8 of 
the  previous  plate.  Draw  the  width  of  the  posts,  which  will 
be  3 ^ inches  on  each  side  of  the  center  lines  already  drawn; 
after  which  draw  the  vertical  subdivisions  of  the  posts,  the 
frieze,  and  cornice,  procuring  the  dimensions  from  Fig.  8 
of  the  previous  plate.  Draw  the  returns  of  the  post  bases 
and  caps  and  the  arch  heads  which  rest  on  the  post,  from  the 
dimensions  given.  Observe  that  all  the  curves  start  tangent 
to  the  caps. 

To  draw  the  arches  which  are  set  obliquely  to  the  face  line 
of  the  veranda  requires  a different  method.  As  their  face  is 
turned  away  from  the  plane  of  representation,  the  lines 
appear  shorter  and  distorted  on  the  elevation,  and  a portion 
of  the  soffit,  or  under  side  of  the  arch,  is  brought  into  view. 
The  method  of  developing  the  curved  lines  will  be  illustrated 
on  the  next  plate,  so  that  for  the  present  a method  of  repro- 
ducing the  curves  on  the  drawing  from  the  engraving  will  be 
employed.  Draw  a line  connecting  the  caps  of  the  posts  at 
the  springing  line  of  the  arch  to  the  right  of  the  tower,  and 
draw  a centerline  1-2  perpendicular  to  same.  For  the  curve 
on  the  outer  face,  divide  the  line  2-3  into  four  equal  parts, 
and  draw  lines  from  these  points  parallel  to  1-2.  The  length 


80 


ARCHITECTURAL  DRAWING 


14 


of  these  lines,  or  ordinates,  as  they  are  called,  will  define  the 
points  on  the  cnrve,  and  they  can  be  procured  by  scale  meas- 
urements from  the  engraving.  Join  the  points  by  an  irreg- 
ular curve.  This  will  give  the  curve  to  the  left  of  center  line 
1-2  ; the  curve  on  the  outer  face  to  the  right  of  the  center 
line  1-2  will  be  similar.  To  draw  the  curve  of  the  inner  face, 
divide  the  line  2-lf.  into  four  equal  parts,  and  proceed  as 
before.  The  oblique  curve  at  the  junction  with  bay  window 
should  be  drawn  in  a similar  manner. 

Draw  the  pediment  cornice  over  the  entrance  to  doorway, 
and  the  arch  key,  the  triglyphs,  and  the  cornice  and  bed- 
mold  returns.  The  position  of  cornice  returns  should  be 
taken  from  second-story  plan ; draw  the  lines  that  denote 
the  gutter  along  the  eave  of  the  cornice. 

Next  draw  the  line  that  defines  the  intersection  of  the 
veranda- roof  plane  with  the  wall  surface.  That  portion  of 
the  roof  adjacent  to  the  centerline  qr  intersects  the  wall 
surface  at  a height  of  3 feet  1 inch  above  the  eave  line  of  cor- 
nice. Where  the  roof  abuts  against  the  circular  wall  of 
tower,  the  line  of  intersection  will  be  curved  as  shown. 
Points  in  this  curve  can  be  found  by  the  process  used  to  find 
the  intersection  of  the  main  roof  with  the  tower.  First, 
locate  the  point  where  the  hips  of  veranda  roof  meet  on  the 
tower'wall;  draw  a line  c d at  a distance  of  5 feet  from,  and 
parallel  to,  the  center  line  .v  t,  which  is  the  face  line  of  wall 
behind  the  tower.  By  referring  to  the  second-story  plan,  it 
will  be  seen  that  the  point  where  the  hips  meet  is  5 inches 
from  the  face  line  towards  the  center  line  of  tower.  Draw 
this  line  h i also  parallel  to  5/;  draw  a horizontal  line  c f at 
a distance  of  3 feet  1 inch  above  the  eave  line  of  cornice, 
meeting  c d in  e;  through  e draw  rep,  meeting  h i in  p , which 
is  the  desired  point ; from  p draw  the  hip  lines  p q and  p r. 
To  find  the  curve,  draw  aline  j k at  right  angles  to  w'  x ; this 
will  represent  the  horizontal  plane  at  the  eave  line  of 
veranda  cornice;  from  j'  project  aline  to  j on  line  j k\  from 
j draw  the  slope  line  of  roof  j l,  which  has  a pitch  of  4 inches 
in  1 foot;  on  the  base  line  j k,  from  the  point  j ’,  lay  off  a dis- 
tance of  23  inches  and  draw  a perpendicular  line,  passing 
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through  j l at  which  is  the  horizontal  distance  that  the 
point  p on  the  elevation  recedes  from  the  point  in  on  the  face 
of  tower  at  the  center  line  st\  from  p'  project  a line  meeting 
the  curved  outline  of  tower  at  p" . Divide  the  arc  p"  j'  into 
four  equal  parts  and  project  the  points  found  on  the  arc  down 
to  the  slope  line  j l ; from  the  points  on  j l draw  lines  parallel 
to  j k and  intersecting  Ik,  which  will  give  the  vertical  height 
from  base  line  j k ; transfer  these  heights  to  the  center 
line  st,  from  the  point  in  thereon;  from  t|je  points  marked 
on  h draw  horizontal  lines  to  hi\  then,  from  the  points  on 
the  arc  j'  p" , draw  vertical  lines ; the  intersection  of  these 
lines  with  the  horizontal  lines  will  give  points  on  the  desired 
curve ; through  these  points  draw  the  line  of  in  ersection  by- 
means  of  an  irregular  curve.  To  draw  the  curve  on  the  left 
of  center  line  st,  transfer  the  points  from  the  cuive  just 
drawn ; only  a portion  of  the  curve  will  be  required,  as  n in 
is  shorter  than  in p. 

From  in  project  the  line  o' p' ; as  in  advances  the  same  dis- 
tance from  the  wall  surface  at  q'  n as  the  wall  surface  at  o' pf 
does,  the  curved  line  pf  q'  should  be  drawn  by  the  same 
method  as  in p,  since  the  wall  surface  at  p’  q'  is  a quadrant 
of  a circle  having  a radius  of  18  inches,  as  seen  by  reference 
to  second-story  plan.  The  position  of  the  hip  lines  o'r', 
o'  t' , and  r'  s'  can  be  determined  by  also  referring  to  the 
second-story  plan;  o'  r' , while  drawn  as  a straight  line,  would 
be  very  slightly  curved  in  construction,  as  the  roof  plane 
intersects  the  flare  of  the  wall  surface  of  the  bay  window. 

Draw  the  balustrade  of  the  veranda,  procuring  the  dimen- 
sions from  Fig.  8 of  the  previous  plate.  Observe  that  only 
a few  of  the  balusters  are  drawn  in  full;  the  others  are 
shown  with  top  and  bottom  blocks  and  center  lines. 

Draw  the  cellar  windows,  the  piers  for  the  support  of  the 
veranda  posts,  the  screens  between  same  in  position,  and 
the  stone  steps  leading  to  the  veranda  floor.  The  lines  for 
the  courses  of  the  masonry  can  be  projected  from  the  ver- 
tical section.  Lay  off  the  length  of  the  stone  blocks  by  scale 
measurements  from  the  engraving,  after  which  the  drawing 
should  be  carefully  compared  with  the  original,  and  any 
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omission  rectified  and  the  lines  inked  in,  the  curved  lines 
being  drawn  first.  The  lines  used  for  the  development  of 
the  curved  surfaces  should  be  neatly  inked  in,  with  broken 
and  dotted  lines,  as  shown.  The  reference  figures  and  let- 
ters maybe  omitted;  but  the  figure  dimensions  should  all 
be  indicated,  as  they  form  important  parts  of  the  working 
drawing. 


DRAWING  PLATE,  TITLE : SECTIONAL  ELEVATION 

17.  Fig.  1 of  this  plate  shows  a sectional  elevation,  or 
longitudinal  section  on  the  line  g h ij  k /,  as  marked  on  the 
first  and  sect  nd  story  plans,  and  presents  such  a view  of  the 
interior  as  would  be  seen  if  the  building  were  cut  by  a plane 
following  the  divisional  line  ghijkl,  and  the  front  half  of 
the  building  removed.  Such  sections  are  drawn  for  the  pur- 
pose of  showing  the  interior  arrangement  on  the  vertical 
plane,  as  the  plans  show  the  arrangement  on  a horizon- 
tal plane,  and  while  constituting  an  elevation  of  the  interior, 
as  presented  to  the  plane  of  the  section,  it  also  exposes  what 
may  be  termed  the  anatomy  of  the  structure,  and  shows  the 
relation  that  exists  between  the  several  parts.  A better 
knowledge  of  the  structural  value  of  the  lines  can  therefore 
be  ascertained  from  such  sections  than  can  be  secured  by 
the  study  of  either  the  plan  or  the  elevation. 

This  section  is  also  to  be  drawn  to  a scale  of  J inch  = 1 foot. 
Begin  by  drawing  the  center  line  a b,  at  a distance  of 
8-f  inches  from,  and  parallel  to,  the  left-hand  border  line. 
Then  draw  the  ground  line  at  a distance  of  2\  inches  from, 
and  parallel  to,  the  lower  border  line.  At  a distance  of 
3 feet  from,  and  parallel  to,  the  ground  line,  draw  the  top 
of  water-table,  which  is  also  the  level  of  the  first  floor.  This 
constitutes  the  base  line,  from  which  all  vertical  lines  are 
measured. 

At  a distance  of  9 feet  -§  inch  below  this  line,  draw  the 
top  line  of  the  cellar  floor;  then,  at  a distance  of  10  feet 
10  inches  above  top  of  water-table,  draw  the  top  line  of 
second  floor.  As  the  distance  from  second  floor  to  attic 
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floor  is  10  feet,  add  this  to  the  first  measurement,  thus 
making  20  feet  10  inches  from  the  base  line  to  the  attic  floor. 
The  clear  distance  between  attic  floor  and  ceiling  being 
8 feet,  will  give  28  feet  10  inches  from  base  line  to  attic  ceil- 
ing. Having  located  these  points,  draw  through  them  hori- 
zontal lines  of  indefinite  length.  Now  proceed  to  develop 
the  section.  Begin  with  the  cellar.  Draw  the  flooring  and 
the  joists  and  ceiling  over  the  cellar.  The  joists  are  3 inches 
thick,  and  are  set  at  1G  inches  between  centers.  The  crossed 
strips  between  them  are  called  cross-bridging,  and  serve  the 
double  purpose  of  keeping  the  joists  from  twisting  and  dis- 
tributing the  weight  of  the  floor  when  unequally  loaded. 
Before  laying  off  the  joists,  draw  the  outer  and  inner  walls 
of  the  cellar,  with  their  footings,  or  base,  of  concrete.  The 
outer  walls  are  of  stone  and  18  inches  thick;  the  central  wall 
is  of  brick,  with  concrete  base,  and  is  17  inches  thick,  to 
which  is  attached  a section  of  the  wall  of  ash-pit  under 
the  parlor  fireplace.  This  gives  an  additional  width  of 
21^  inches.  Since  the  section  plane  passes  obliquely  through 
the  face  and  return  of  the  wall  of  ash-pit,  it  presents  this 
wide  surface.  As  shown,  three  courses  of  the  brickwork  are 
corbeled  out  to  receive  the  ends  of  joists,  and  an  iron  door 
and  frame  are  shown  at  the  base.  Draw  the  arched  opening 
in  the  wall  under  the  parlor  door,  the  pier  supporting  the 
12-inch  beam  under  the  joists  of  hall,  and  the  angle  of  the 
wall  under  stair-hall  partition,  which  is  4 feet  4 inches  from 
center  line  a b. 

The  cellar  floor  is  shown  constructed  with  5 inches  of  con- 
crete, and  the  footings  of  walls,  with  concrete  10  inches  thick. 

Now  draw  the  outer  walls  of  the  superstructure,  above  the 
top  of  water-table,  from  dimensions  given,  and  get  the  sub- 
divisions by  scale  measurements.  Draw  the  central  parti- 
tion in  a similar  manner,  leaving  the  work  above  the  attic 
ceiling  to  be  drawn  later.  From  the  second  and  attic  floor 
lines  lay  off  the  ceiling  lines.  The  figured  distances  will  be 
found  by  reference  to  the  vertical  section  on  the  previous 
plate. 

The  drawing  will  now  present  six  compartments  above 
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the  cellar,  three  of  which  will  be  occupied  by  the  stairways 
and  halls,  and  should  be  filled  in  successively. 

Draw  the  stairways  first.  The  stairways  have  already 
been  represented  on  plan  and  will  now  be  developed  in  ele- 
vation. Locate  the  center  lines  of  newels,  and  draw  them 
parallel  to  the  center  line  ab\  now  divide  the  distance 
between  the  top  line  of  first  floor  and  the  top  line  of  second 
floor  into  eighteen  equal  parts,  and  the  distance  from  second 
floor  to  attic  floor  into  seventeen  equal  parts,  by  fine  pencil 
lines.  Mark  off  on  the  first-floor  line  the  number  and  width 
of  steps  of  the  first  flight  as  shown  on  first-story  plan,  work- 
ing from  the  center  line  of  the  platform  newel.  As  the  first 
three  steps  are  curved  on  plan,  take  their  width  on  the  sec- 
tion line  ij  of  first-story  plan;  from  the  points  marked  on 
floor  line  draw  lines  parallel  to  center  line  ab\  the  intersec- 
tion of  these  vertical  lines  with  the  horizontal  lines  already 
drawn  will  give  the  riser  and  tread  lines  of  each  step  and 
the  position  of  the  first  platform ; project  these  vertical  or 
riser  lines  up  to  the  second,  third,  and  fourth  flights,  except- 
ing, however,  the  riser  lines  of  the  curved  steps  at  start 
of  stairway.  These  riser  and  tread  lines  should  now  be 
strengthened  by  a heavier  pencil  line  and  the  lighter  lines 
erased.  Now  draw  the  upper  edge  of  the  inclined  stringers, 
which,  as  shown,  is  3 inches  above  the  tread,  measured  on  a 
line  with  the  riser.  Draw  the  lower  edge  parallel  with  the 
upper  edge,  and  make  the  stringers  of  the  widths  shown, 
observing  that  both  the  upper  and  the  lower  edges  at  the 
start  are  curved.  Then  draw  the  upper  edge  of  hand  rail, 
which  is  on  the  stair  2 feet  6 inches  above  the  tread,  meas- 
ured on  the  riser  line,  and  on  the  landing  2 feet  8 inches 
above  the  floor  line.  Having  drawn  this  line,  draw  the 
ramps,  or  curves,  which  are  introduced  for  the  purpose  of 
raising  the  hand  rail  up  to  the  same  height  as  the  one  on  the 
return  flight,  and  at  the  landings  to  the  height  of  the  land- 
ing rail.  The  newels  on  the  platforms  and  landings  are 
then  all  of  the  same  height.  Observe  that  there  is  a hori- 
zontal knee  6 inches  long  ou  the  upper  edge,  between  the 
ramp  and  the  newel. 
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Now  draw  the  width  of  the  shaft  of  each  newel,  which  is 
5 inches,  and  the  width  across  the  base  6 inches,  excepting, 
however,  the  start  newel,  which  is  7 inches  square  above  the 
base ; draw  the  depth  of  the  hand  rail,  which  is  4 inches, 
with  the  molded  members  as  shown.  This  being  done,  draw 
a cap  1 inch  thick  on  the  upper  edge  of  each  stringer,  and 
fill  in  the  balusters,  as  indicated,  subdividing  the  newels  with 
base,  shaft,  cap,  etc.,  as  shown.  On  the  lower  edge  of  the 
stringer  of  the  flights,  through  which  the  plane  of  the  sec- 
tion passes,  will  be  shown  the  lath  and  plaster  and  the  soffit 
mold,  to  bind  the  plastering  at  its  junction  with  the  face 
Stringer,  while  on  the  face  of  the  other  flights  and  landings 
will  be  shown  the  face  molds,  which  divide  the  stringer  into 
architrave,  frieze,  and  base  for  balustrade.  All  the  newels 
will  have  finials,  and  those  disengaged  will  have  pendants, 
but  those  on  the  first  flight  are  only  shown,  to  indicate  the 
general  finish. 

To  draw  the  start  newel,  the  angles  of  the  newel  should 
be  projected  forward  to  section  line  ij , on  first-story  plan, 
and  transferred  to  the  drawing  being  made.  Complete  the 
other  details  of  the  stairways,  as  shown.  Then  proceed  to 
fill  in  the  finish  shown  in  first  floor,  including  ceiling  beams 
and  cornice,  door  and  window  trim,  and  the  wainscoting, 
which  should  be  drawn  to  scale  measurements,  taken  from 
the  engravings.  Drawr  the  door  and  corbeled-beam  opening 
in  the  partitions  of  second-story  hall,  with  the  base  and  door 
trim,  ceiling  beam  and  cornice,  and  also  the  door  openings, 
with  base  and  trim  in  the  attic  hall. 

Then  draw  the  double  door  in  parlor,  with  trim,  base,  and 
ceiling  cornice,  and  the  angular  fireplace  and  chimney,  the 
position  of  which  can  be  procured  by  projecting  the  angle 
lines  forward  to  the  line  of  section  g h,  on  first-story  plan, 
and  then  transferring  them  to  the  drawing. 

Draw  the  door  and  partition  openings,  and  finish  in  the 
rooms  over  the  parlor,  as  shown.  The  space  marked  R 
indicates  the  position  of  the  hot-air  register  over  the  base. 

Draw  the  elevation  of  the  dining-room  extension,  which 
is  seen  beyond  the  plane  of  the  section  on  the  left,  and  the 
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section  of  the  veranda  and  kitchen  extension,  which  is  on 
the  right.  The  details  of  the  veranda  should  be  procured 
from  Fig.  8 of  plate  entitled,  Constructive  Details. 

To  develop  the  oblique  curve,  first  draw  the  plan  of  the 
return  of  the  veranda,  as  shown  in  Fig.  3,  and  draw  the  nor- 
mal or  regular  curve  adjacent  to  its  face.  Divide  the 
diameter  into  eight  equal  parts,  and  draw  ordinates  at  right 
angles  to  the  springing  line  of  curve.  To  draw  the  curve  on 
the  inside  of  veranda,  project  pencil  lines  from  the  points 
on  the  springing  line  of  the  lower  curve  down  to  the  spring- 
ing line  of  curve  on  the  elevation,  and  transfer  the  lengths 
of  the  ordinates  on  the  plan  down  to  the  elevation;  these 
lengths,  measured  from  the  springing  line,  will  give  points 
on  the  desired  curve. 

The  outer  curve  on  the  elevation  is  drawn  in  a similar 
manner,  by  projections  and  measurements  from  the  upper 
curve  on  the  plan. 

To  show  the  relative  position  of  the  roof  lines,  rafters,  and 
ceiling  joists  to  the  line  of  section,  begin  by  locating  and 
drawing  the  main  ridge  line,  which  is  13  feet  7-|  inches  above 
the  eave  line  of  the  cornice ; then  make  a diagram  like  Fig.  2, 
showing  the  rafters  and  boarding,  the  upper  surface  of  which 
is  the  roof  plane;  the  vertical  line  passing  through  the  ridge 
represents  the  ridge  plane.  On  each  side  of  this  plane  draw 
the  position  of  the  section  planes  represented  by  lines  gh 
and  ij.  By  reference  to  the  second-story  plan,  it  will  be  seen 
that  gh  is  4 feet  to  the  right  of  the  ridge  line,  while  ij  is 
24^-  inches  to  the  left  of  the  ridge  line.  This  accounts  for 
the  difference  in  the  position  of  the  rafters  on  each  side  of 
centerline  a b.  From  Fig.  2,  project  the  line  at  the  inter- 
section of  the  cutting  plane  gh  with  the  roof  plane,  which  is 
the  upper  edge  of  the  roof  boarding;  also,  the  line  of  the  toe 
of  the  rafters;  then  draw  the  upper  edge  line  of  the  ceiling 
joists,  and  from  the  inner  wall  line  mark  off  the  rafters 
16  inches  between  centers.  To  do  this,  draw  the  first  rafter 
in  position  at  the  wall;  then  set  the  dividers  to  16  inches, 
and,  starting  from  the  center  line  of  the  first  rafter,  mark 
the  points  on  the  boarding  line  up  to  the  center  line  a h; 
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then,,  from  these  points  as  centers,  with  a radius  of  1 inch, 
describe  light  pencil  circles,  from  which  draw  the  faces  of 
the  rafters;  draw  the  legs  of  rafters  down  to  the  ceiling  line, 
and  from  the  right  face,  with  the  bow-pencil  set  to  2 inches, 
mark  the  thickness  of  each  ceiling  joist  forward  to  the  center 
line  a b. 

From  i j,  on  Fig.  2,  project  the  rafter  lines  as  far  as  the 
valley  rafter,  and  draw  the  valley  rafter  in  position,  as  shown; 
it  supports  the  short,  or  jack,  rafters.  At  a distance  of  8 feet 
10^  inches  from  center  line  a b,  the  section  plane  cuts  the 
ridge  of  the  kitchen  extension,  and  to  the  right  of  the  ridge 
it  cuts  the  valley  rafters  of  the  roof  of  dormer-window,  over 
the  stair  hall.  Observe  that  a portion  of  the  ceiling  in  the 
stair  hall  has  to  follow  the  inclination  of  the  rafters,  and  is 
known  as  a canted  ceiling. 

Draw  the  chimney  by  scale  measurements  from  the  engra- 
ving and  complete  the  drawing,  after  which  it  should  be  care- 
fully inked  in,  and  the  walls  and  cross-sections  of  the  timbers 
neatly  sectioned,  as  shown,  and  the  dimension  lines  drawn 
and  lettered. 


TRACINGS 

18.  In  regular  office  practice,  it  is  necessary  to  have 
more  than  one  copy  of  a drawing.  It  would  be  very  expen- 
sive to  make  a finished  drawing  every  time  an  extra  copy 
was  wanted,  and,  to  avoid  this,  tracings  and  blueprints  are 
made.  As  many  blueprint  copies  can  be  made  as  are  desired 
from  a single  tracing.  A complete  pencil  drawing  is  first 
made;  then,  instead  of  inking  in  the  drawing  as  heretofore, 
a piece  of  tracing  paper  or  tracing  cloth,  of  the  same  size  as 
the  pencil  drawing,  is  fastened  to  the  board  over  the  original 
drawing.  The  tracing  paper  or  cloth  being  transparent,  the 
lines  of  the  drawing  can  be  readily  seen  through  it,  and  the 
drawing  is  inked  in  on  the  tracing  paper  or  cloth  in  the  same 
manner  as  if  inking  in  a finished  drawing. 

Tracing  paper  is  but  little  used  in  this  country.  It  is 
easily  torn,  and  cannot  be  preserved  as  well  as  the  tracing 


88 


ARCHITECTURAL  DRAWING 


14 


cloth.  The  two  sides  of  the  tracing-  cloth  are  known  as  the 
glazed  side  and  the  dull  side.  The  glazed  side  is  coated  with 
a preparation  of  gelatine  that  gives  it  a very  smooth,  glossy 
surface ; the  dull  side  has  very  much  the  appearance  of  a 
piece  of  ordinary  linen  cloth.  Either  side  may  be  used  to 
draw  upon,  but  when  the  glazed  side  is  used,  care  must  be 
taken  to  remove  all  dirt  and  grease.  This  can  be  done  by 
sifting  powdered  chalk  upon  the  tracing  cloth  and  then  rub- 
bing it  over  the  entire  surface  with  a soft  rag.  It  is  not 
necessary  to  use  chalk  when  the  dull  side  is  to  be  drawn 
upon,  but  it  improves  the  surface  to  do  so,  and  causes  it  to 
take  ink  more  readily.  The  finished  drawing  looks  better 
and  will  not  soil  so  easily  if  traced  on  the  glazed  side,  and  it 
is  easier  to  erase  a line  drawn  on  this  side.  Pencil  lines  can 
be  drawn  on  the  dull  side,  and  if  it  is  desired  to  photograph 
the  drawing,  it  is  better  to  draw  on  the  dull  side.  The 
draftsman  uses  either  side,  according  to  the  work  he  is  doing, 
and  to  suit  his  individual  taste ; but  if  the  glazed  side  is  used, 
it  must  be  chalked.  The  tracings  are  drawn  in  the  same 
manner  as  the  finished  drawings,  the  center  lines,  section 
lines,  etc.  being  drawn  exactly  as  previously  described. 

After  having  drawn  the  last  plate,  the  student  should 
make  tracings  of  the  plates  entitled,  First-Story  Plan,  and 
Front  Elevation,  which  should  be  finished  and  lettered 
exactly  like  the  paper  drawing. 


BLUEPRINTIN'  G 

1 9.  Blueprinting  is  the  name  of  a process  by  which  any 
number  of  copies  may  be  obtained  from  a single  tracing.  It 
is  based  upon  the  properties  that  certain  chemicals  possess, 
of  changing  color  on  exposure  to  the  light;  and  its  operation 
consists  of  subjecting  to  strong  sunlight  a sheet  of  prepared 
paper,  which  is  covered  by  the  tracing  and  held  in  close 
contact  by  means  of  a sheet  of  heavy  glass.  The  light  pass- 
ing through  the  transparent  tracing  causes  the  paper  to  turn 
blue  over  all  its  surface,  except  where  protected  by  the 
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opaque  lines  of  the  drawing,  and  thereby  produces  a print 
that  duplicates  the  original  drawing  so  far  as  lines  and 
measurements  are  concerned,  but  in  white  lines  on  a blue 
ground. 

Although  it  is  usually  much  more  economical  to  purchase 
blueprint  paper  ready  for  use,  the  ingredients  are  very 
simple,  and  in  an  emergency  the  paper  may  be  prepared  as 
follows:  In  a dark-colored  or  opaque  bottle,  dissolve  2 ounces 
of  citrate  of  iron  and  ammonia  in  8 ounces  of  water;  and  in 
a similar  bottle  dissolve  1^  ounces  of  ferricyanide  of  potash 
in  8 ounces  of  water.  These  solutions  should  be  mixed  in 
equal  portions  immediately  before  use,  as  they  deteriorate 
with  age  when  mixed. 

To  sensitize  the  paper,  a small  quantity  of  the  mixed 
solutions  is  poured  upon  the  center  of  a sheet,  and  then,  by 
means  of  a camel’s-hair  brush  or  tuft  of  cotton,  it  is  spread 
evenly  over  the  entire  surface,  and  any  surplus  carefully 
removed.  The  paper  is  then  hung  up  to  dry,  after  which  it  is 
ready  for  use.  All  this  must  be  done  in  a room  lighted  with 
gas,  lamp,  ‘or  weak  yellow  daylight,  and  the  prepared  paper 
must  be  kept  in  a cool,  dry,  dark  drawer  or  closet,  or  it  will 
lose  its  sensitiveness.  In  any  case  it  does  not  keep  well  for 
any  great  length  of  time,  and  for  this  reason  it  is  not  desirable 
to  prepare  more  than  is  needed  for  immediate  use. 

The  paper  used  should  possess  a hard,  close-grained  sur- 
face, and  should  be  well  sized.  Otherwise  it  will  be  neces- 
sary to  mix  about  \ oiince  of  gum  arabic  with  each  of  the 
stock  solutions,  to  prevent  the  sensitizing  liquid  from  sinking 
into  the  pores  of  the  paper  and  thereby  becoming  difficult 
to  wash  out  after  the  print  is  made. 

Figs.  G and  7 of  the  text  are  two  views  of  a printing 
frame  that  is  well  adapted  to  printing  blueprints  not  over 
17  in.  X 21  in.  The  frame  is  placed  face  downwards,  and 
the  back  A is  removed  by  unhooking  the  brass  spring 
clips  B,  B,  and  lifting  it  out.  The  tracing  is  laid  upon  the 
glass  C,  with  the  inked  side  downwards,  touching  the  glass. 
A sheet  of  the  prepared  paper,  perfectly  dry,  is  laid  upon 
the  tracing  with  the  yellow  (sensitized)  side  against  the 
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tracing.  The  paper  and  tracing  are  smoothed  ont  so  as  to 
lie  perfectly  flat  upon  the  glass,  the  cover  A is  placed  back 
into  its  former  position,  and  the  brass  spring  clips  B,  B are 
pressed  under  the  plates  D,  so  that  the  back  cannot  fall  out. 
All  this  is  done  in  a subdued  light.  The  frame  is  now 
placed  where  the  sun  can  shine  upon  it,  and  adjusted  as 
shown  in  Fig.  7,  so  that  the  sun’s  rays  will  fall  upon  it  as 
nearly  at  right  angles  as  possible.  According  to  the  condi- 
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tion  of  the  weather,  whether  clear  or  clondy,  and  the  time 
of  the  year,  the  print  should  be  exposed  from  5 to  20  min- 
utes. A tray  or  sink  somewhat  larger  than  the  print  should 
be  provided,  and  filled  to  a depth  of  about  2 inches  with 
water.  The  print  having  been  exposed  the  proper  length 
of  time,  the  frame  is  carried  into  a subdued  light,  where  the 
cover  is  removed,  and  the  print  taken  out  and  placed  in  the 
water,  with  the  yellow  side  down,  and  there  left  to  soak 
while  the  next  print  is  adjusted  in  the  frame.  The  first 
print  having  been  washed  about  ten  minutes,  it  should  be 
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lifted  out  by  two  of  its  opposite  corners  and  rinsed  thor- 
oughly; then  it  should  be  hung  up  till  dry.  Should  any 
dark-purple  or  bronze-colored  spots  appear  on  the  print, 
after  it  is  dry,  they  indicate  that  there  was  not  sufficient 
washing.  If  these  spots  are  thoroughly  washed  before  the 
print  is  dried,  they  will  disappear.  It  is  best  to  judge  of 
the  proper  time  of  exposure  to  the  light  by  the  color  of  the 
strip  of  print  projecting  beyond  the  edge  of  the  tracing.  To 


Fig.  7 

obtain  the  exact  shade  of  the  projecting  edge,  take  a strip  of 
paper  about  12  inches  or  14  inches  long  and  3 inches  or 
4 inches  wide.  Divide  it  into  about  twelve  equal  parts  by 
lead-pencil  marks,  and  number  each  part  with  the  lead  pen- 
cil 1,  2,  3,  etc.  Sensitize  this  side  of  the  paper,  and,  after 
it  has  been  properly  dried,  place  it  in  the  print  frame  with 
the  sensitized  side  and  the  marks  and  figures  against  the 
glass.  Expose  the  whole  strip  to  the  light  for  one  minute; 
then  cover  the  part  of  the  strip  marked  1 with  a thin  board 
or  anything  that  will  prevent  the  light  from  striking  the 
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part  covered.  At  the  end  of  the  second  minute  cover  parts 
2 and  1;  at  the  end  of  the  third  minute,  parts  3,  2,  and  1, 


etc.  When  twelve  minutes  are  up,  part  1 will  have  been 
exposed  one  minute;  part  2,  two  minutes,  etc.,  part  12  hav- 
ing been  exposed  twelve  minutes.  Remove  the  frame  to 
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the  dark  room,  and  cut  the  strip  so  that  it  will  be  divided 
into  two  strips  of  the  same  length  and  half  the  width.  Wash 
one  of  the  strips  as  before  described,  and  when  it  has  dried, 
select  that  shade  of  blue  which  suits;  notice  the  number  of 
the  part  chosen,  and  it  will  be  the  length  of  time  that  the 
print  was  exposed.  Examine  carefully  the  corresponding 
number  on  the  other  strip,  and  the  correct  color  of  the  pro- 
jecting edge  of  the  print  beyond  the  tracing  is  determined. 
All  prints  shotild  be  exposed  until  this  color  is  reached,  no 
matter  how  long  or  how  short  the  time  may  be ; then  they 
should  be  immediately  taken  out  and  washed. 

Fig.  8 of  the  text  shows  a patented  frame  that  can  be  swung 
to  the  outside  of  the  window  and  adjusted  to  any  angle.  When 
not  in  use,  it  can  be  folded  up  against  the  wall,  and  occu- 
pies but  a little  space.  It  is  made  in  different  sizes,  from 
16  in.  X'24  in.  to  48  in.  X 72  in.  It  is  one  of  the  best  frames 
in  the  market,  and  is  placed  in  such  a position  relative  to 
the  window  that  the  window  sash  can  be  lowered  to  the  top 
of  the  main  arm,  to  keep  out  the  cold  during  the  winter. 


PRAFTIX  G-ROOM  PRACTICE 

20.  The  practice  in  the  architectural  drafting  room  is  as 
varied  as  the  individuality  of  the  architect.  Many  architects, 
in  order  to  practice  economical  administration  in  their  offices, 
make  as  few  drawings  as  possible,  and  those  that  they  do 
make  are  exceedingly  meager  in  detail  and  dimensions.  On 
the  other  hand,  the  conscientious  architect,  who  bears  in 
mind  his  client’s  welfare,  furnishes  all  the  necessary  draw- 
ings required  to  show  every  detail  of  construction.  He 
exercises  care  in  dimensioning  his  drawings,  so  that  there 
can  be  no  possible  misunderstanding  of  his  intentions  by 
the  contractor. 

It  is  the  architect  of  the  latter  class  we  desire  our  students 
to  emulate,  and  the  drawing  plates  in  the  course  have  been 
laid  out  so  as  to  inculcate  precision  and  accuracy.  They  are 
completely  dimensioned  in  every  detail,  and  though  the 


94 


ARCHITECTURAL  DRAWING 


14 


student  may  in  practical  work  learn  short-cut  methods,  he 
must  first  understand  thoroughly  that  a drawing  to  be  of  use 
must  contain  all  of  the  information  necessary  and  required 
by  the  contractor  in  the  erection  of  the  structure,  the  draw- 
ings, of  course,  being  supplemented  by  the  stipulations  in  the 
specifications. 

The  work  of  the  practicing  architect  includes  the  making 
of  preliminary  sketches  or  studies;  wbrking  drawings  si’.ch  as 
plans,  elevations,  and  sections,  drawn  to  a scale  of  i inch 
or  ^ inch  to  the  foot;  and  detail  drawings  full  size  or  to  a 
scale  of  f inch  or  1^  inches  to  the  foot.  Distinct  from  the 
work  of  drafting  is  the  writing  of  the  specifications,  the  con- 
duct of  the  business  between  the  owner  and  the  contractor, 
and  the  superintendence  of  the  work  under  construction. 

The  preliminary  drawings  or  sketches  are  usually  made 
roughly  in  pencil,  but  with  an  artistic  touch,  and  are  often 
tinted  to  show  the  color  scheme  of  the  interior  and  exterior 
of  the  building.  The  working  drawings  are  carefully  studied 
and  laid  out  to  meet  the  requirements  of  the  client.  In 
making  these  drawings  the  general  construction  is  decided 
upon,  the  walls  and  foundations  proportioned,  and  the  eleva- 
tions carefully  designed.  The  detail  drawings  are  employed 
to  show  the  special  construction  of  the  steel  or  wood  fra- 
ming, jnterior  trim  and  details,  or  exterior  masonry  or  carved 
stonework.  Besides  these  the  architect  often  finds  it  neces- 
sary to  furnish  full-size  details  on  manila  paper  of  window 
boxes,  door  frames,  and  such  work  as  carved-stone  or  terra- 
cotta details. 

As  much  of  the  time  the  successful  architect  is  devoted  to 
the  business  part  of  his  work  and  exercising  a supervision  over 
the  work  in  progress  in  his  office,  he  usually  employs  a chief 
draftsman  or  designer  who  is  a competent  architect.  Sub- 
ordinate to  this  person  there  may  be  several  draftsmen  and 
one  or  two  students.  The  larger  offices  in  the  great  cities 
have  a more  complex  system,  from  the  fact  that  they  employ 
from  fifty  to  one  hundred  people.  Where  the  organization 
is  of  this  scope,  it  is  usual  to  subdivide  the  work  and  place 
one  building  in  the  hands  of  a competent  designer  with  a 


14 


ARCHITECTURAL  DRAWING 


95 


couple  of  assistants,  it  being  their  duty  to  devote  their  sole 
energies  and  time  to  the  one  structure.  This  person  is 
directly  under  the  control  of  the  chief  of  the  office.  Con- 
nected with  these  large  offices  are  a number  of  building 
superintendents  whose  duties  are  to  inspect  the  work  under 
way  on  the  various  buildings.  One  inspector  would  usually 
be  assigned  to  each  large  piece  of  work. 

The  systematic  practicing  architect  has  a uniform  style  of 
lettering  for  all  of  his  drawings,  and  they  are  usually  titled 
at  the  lower  right-hand  corner.  At  this  position  is  either 
printed  or  stamped  the  architect’s  name  and  the  words  title, 
scale,  job  number,  contractor,  etc.,  and  after  each  the  neces- 
sary information  is  printed  by  the  draftsman.  The  drawings 
are  all  filed  in  drawers,  either  by  numbers  or  alphabetically, 
so  that  a particular  drawing  can  be  obtained  with  a mini- 
mum loss  of  time.  Where  the  drawings  are  numerous  it  is 
necessary  to  have  a card  index;  that  is,  a system  by  which 
the  records  of  the  drawings  are  made  upon  cards  which  are 
systematically  filed  and  cross-indexed.  By  reference  to  the 
cards  the  number  of  the  drawing  is  obtained  and  its  place 
in  the  files  known  immediately. 

Many  architects  engage  in  consultation  with  a structural 
engineer  when  the  work  requires  an  expert  in  steelwork, 
heavy  construction  or  foundation  work.  Such  services  are 
usually  paid  for  at  a stipulated  sum  agreed  upon,  which 
may  either  be  a percentage  of  the  architect’s  fee  or  a fixed 
amount. 

It  is  not  unusual  for  architects  to  engage  in  competition 
for  large  work.  Either  in  answer  to  an  advertisement  or  by 
request,  they  prepare  plans,  elevations,  and  sometimes  per- 
spectives of  the  proposed  building.  These  are  submitted 
on  or  before  a certain  date  to  a judge  or  committee  which 
adjudicates  on  the  merits  of  the  designs.  The  judge  or  com- 
mittee selects  the  one  which  appears  the  most  suitable,  and 
the  successful  architect  is  either  rewarded  by  receiving  the 
commission  for  the  execution  of  the  work,  or  is  paid  a sub- 
stantial premium.  In  order  to  encourage  competition,  it  is 
usual  in  large  works  to  offer  three  or  four  prizes,  'Jthe  lowest 
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of  which  will  at  least  pay  a portion  of  the  expenses  the 
architect  has  incurred  in  preparing  the  drawings.  After  the 
selection  the  drawings  are  returned  to  the  unsuccessful  com- 
petitors. It  is  usual  that  competitive  drawings  are  required 
to  be  submitted  in  a uniform  style  of  rendering.  The  usual 
requirements  are  that  the  drawings  be  of  a particular  size, 
that  the  building  shall  not  exceed  in  cost  a stipulated  sum, 
and  that  plans,  elevations,  and  perspectives  be  furnished, 
consisting  of  line  drawings  in  ink  on  white  paper  and  that 
the  windows  shall  not  be  blackened,  and  no  wash,  color,  or 
shade  lines  shall  be  used. 


ORNAMENTAL  DRAWING 


INTRODUCTION 

1.  The  existence  of  ornament  in  architecture  and  the 
technical  arts  antedates  all  written  history.  One  of  the 
strongest  characteristics  of  even  the  most  savage  tribes  is 
their  attempt  at  ornamental  design,  expressed  in  rude  carv- 
ing, or  in  the  painting  of  their  bodies,  weapons,  and  uten- 
sils. To  this  instinct  may  be  ascribed  the  habit  of  tattooing 
practiced  by  many  uncivilized  nations,  whereby  they  essayed 
to  increase  the  expression  of  terror  of  countenance,  and  cre- 
ate what  appeared  to  them  an  additional  beauty.  Unciv- 
ilized man  has  always  been  a warrior , and  as  such  he  ranked 
with  his  fellow  man  according  to  the  bravery  he  exhib- 
ited before  his  friends,  and  the  fear  with  which  he  inspired 
his  enemies,  and  for  this  reason  nothing  appeared  beautiful 
to  the  savage,  unless  it  possessed  some  element  of  the  terrible 
or  the  supernatural.  As  man  becomes  civilized,  we  find  his 
tendency  in  ornamental  design  leans  toward  the  reproduction 
of  natural  forms,  and  his  self-glorification  gives  way  to  the 
desire  to  glorify  the  works  of  his  Creator.  Therefore,  in  the 
most  refined  examples  of  ornament,  we  always  see  some 
attempt  to  combine  in  the  design  some  form  from  the  ani- 
mal or  vegetable  world,  suggestive  of  the  beneficence  of 
Providence. 

Ornamentation  is  thus  seen  to  precede  architecture  his- 
torically, but  it  was  the  art  of  building  which  afforded  the 
grandest  field  for  its  development  and  application.  The 
noblest  achievements  in  the  technical  arts,  reveling  in  the 
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choicest  ornamentation,  have  been  produced  in  the  service 
of  architecture;  and  in  all  art  industries  wherein  orna- 
mentation seems  to  follow  an  independent  existence  of  its 
own,  its  products  are  in  harmony  with  the  contemporary 
taste  and  tendency  of  architecture.  The  historical  style  and 
development,  and  the  technical  execution  of  ornament, 
whether  carved  or  painted,  are  thus  seen  to  be  inextri- 
cably interwoven  with  the  history  of  architecture  and  the 
sister  arts. 

2.  To  draw  an  object  is  to  represent  it  with  all  its  char- 
acteristic features,  and  it  would  thus  appear  that,  to  teach 
the  drazving  of  ornament  in  a comprehensive  way,  we  should 
at  the  same  time  teach  all  about  its  design  and  application; 
but  experience  has  proved  that  such  a course  complicates  the 
work  of  elementary  instruction,  and  is  only  adapted  to  those 
who  have  already  learned  to  draw  well  and  who  know  some- 
thing about  design  in  general.  The  subject  must  be  divided, 
and  for  those  who  just  enter  upon  its  study  it  is  best  to  first 
learn  Juno  to  draw , and  nothing  more. 

This  is  the  scope  and  aim  of  this  Paper.  In  a series  of 
carefully  graded  exercises,  the  student  is  led  from  the  sim- 
pler forms  to  the  more  difficult  ones,  and  the  lessons  are 
confined  strictly  to  outline  drazving,  the  object  being  to 
develop,  in  the  shortest  possible  time,  such  ready  facility 
of  the  hand  and  judgment  of  the  eye  as  will  enable  him  to 
correctly  draw  any  ornamental  outline  whatever.  Shades 
and  shadows  are  omitted  entirely,  as  being  unnecessary  for 
this  purpose,  as  their  representation  may  be  learned,  at  a 
later  stage,  by  drawing  from  casts  or  models,  rather  than 
from  copy. 

Notwithstanding  this  program  of  making  this  course 
essentially  one  of  drazving  lessons , the  text  is  enriched  with 
incidental  explanations  of  the  ornament  presented,  to  stimu- 
late the  student’s  interest  in  his  work.  Information  thus 
obtained,  though  incomplete  and  unsystematic,  gradually 
grozvs  together  in  the  student’s  mind,  and  enables  him  to 
more  readily  comprehend  the  subject  he  has  in  hand. 
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Ornament  is  either  the  embellishment  of  a structural 
feature,  accentuating  its  form  and  purpose,  in  which  case  it 
is  usually  carved  or  molded  in  relief ; or  the  ornament  con- 
sists of  a flat  surface  decoration,  such  as  a carpet  pattern, 
wall  paper,  or  painted  design.  Ornament  consists  of  a com- 
bination of  straight  and  curved  lines,  independent  or  joined 
with  vegetable  or  animal  forms,  or  exclusively  of  the  latter 
— with  or  without  color  decoration.  Some  ornament  is 
purely  geometrical  in  character,  and  can  be  drawn  entirely 
with  instruments;  another  is  partly  freehand  and  partly 
geometrical  work;  and  the  remainder  is  entirely  freehand 
work.  Ornamental  drawing  includes  the  rendering  of  form 
itself,  being  the  representation  of  those  graceful  lines  which 
exist  in  the  animal  and  vegetable  world,  and  also  those  of 
man’s  own  invention,  as  seen  in  the  architectural  moldings, 
in  the  sweeps  and  curves  of  furniture,  in  the  scrolls  and 
twists  of  wrought-iron  work,  and  in  the  outlines  of  pottery, 
glassware,  cutlery,  vehicles,  ships,  machinery,  etc.  For 
instance,  in  an  ornamental  vase  or  wrought-iron  grille,  the 
general  form  and  the  graceful  lines  and  proportion  of  its 
parts  are  as  much  subject  for  ornamental  drawing  as  is 
any  individual  ornament  with  which  a part  of  either  of  these 
objects  may  be  decorated;  but  the  drawing  of  animal  or 
human  figures,  and  landscape  sketching,  are  separate 
branches  of  art. 


4.  How  to  Draw. — The  making  of  a drawing  can  be 
said  to  consist  of  two  parts,  namely,  the  making  of  the  indi- 
vidual lines,  and  the  making  of  the  composition  Straight 
and  curved  lines  must  be  drawn  in  strokes , and  not  in  dots 
or  in  a succession  of  short  scratches.  The  strokes  must  not 
be  jerky  or  detached,  but  continuous , each  one  being  a con- 
tinuation of  the  preceding  one,  and  as  long  as  one  uncon- 
strained movement  of  the  finger  joints  will  make  them, 
which  is  about  1 inch.  No  other  method  maintains  so 
well  the  direction  of  the  lines  to  be  drawn,  nor  develops  so 
readily  the  pliability  of  the  hand  and  the  judgment  of  the 
eye  by  fastening  the  attention  of  both  upon  the  making  of 
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a continuous  line,  instead  of  upon  the  making  of  pieces 
of  a line. 

In  ordinary  drawing,  the  elbow  may  be  rested  on  any 
part  of  the  drawing  board,  as  the  case  may  require;  but  the 
ball  of  the  hand  should  be  as  free  as  possible,  in  which  posi- 
tion the  hand  will  rest  and  travel  along  lightly  on  the  first 
joint  of  the  little  finger. 

The  pencil  recommended  for  use  is  one  corresponding  to 
grade  “S  M ” of  Dixon’s  pencils.  For  aiding  in  the  work,  a 
soft  waffle  rubber  may  be  used  to  advantage,  to  clean  up  the 
drawing  after  the  sketch  is  complete,  and  just  previous  to 
the  process  of  inking  in.  The  final  pencil  lines  must  be  firm 
and  clean,  but  not  heavy;  and,  if  any  corrections  are  neces- 
sary, an  ordinary  white  Faber's  rubber  should  be  used.  The 
student  should  keep  a uniform  round  pencil  point,  of  medium 
length,  and  avoid  continued  sharpening,  but  maintain  a good 
point  by  turning  the  pencil  as  he  works.  Avoid  cheap  pe:i- 
cils;  they  are  a delusion  as  to  economy,  and  their  common 
lead  smears  up  the  drawing.  Three  golden  rules  to  be 
observed  by  the  student  are:  Never  wet  the  pencil;  never  use 
a hard  pencil  ; never  use  a short  pencil.  The  pencil  never 
should  be  less  than  5 inches  long,  in  order  that  it  may  rest 
against  the  knuckle  of  the  forefinger. 

"The  eye  must  guide  the  hand  in  drawing,  but  should  not 
be  riveted  too  closely  upon  the  pencil  or  drawing  pen;  a 
glance  forwards  and  backwards  over  the  work,  to  compare 
the  form  of  the  design  and  the  direction  of  the  lines,  will 
enable  the  student  to  keep  his  work  close  to  the  copy,  which 
is  all  that  is  at  present  desired. 

The  draftsman,  sitting  at  work,  should  avoid  bending  over 
the  drawing  in  a cramped  position,  as  it  is  likely  to  injure  his 
eyesight,  and  will  in  no  way  benefit  his  work.  An  easy,  natu- 
ral attitude  is  the  best.  All  subjects  should  be  outlined  in 
their  normal  aspect,  not  upside  down  or  sideways,  the  paper 
being  straight  in  front  of  the  draftsman;  but,  in  the  final 
rendering,  especially  in  the  inking,  there  is  no  objection  to 
turning  the  sheet  or  the  body  around,  to  make  the  work 
more  convenient  and  thus  produce  perfect  lines. 


ORNAMENTAL  DRAWING 


5 


§ 15 

5.  Composition. — The  second  element  of  a drawing  is 
the  composition,  which,  in  this  case,  means  the  general 
grouping  of  the  lines  of  the  design,  according  to  the  size  or 
scale  to  which  the  drawing  is  made. 

Before  beginning  to  draw  a figure,  its  general  effect  and 
characteristic  shape  as  a whole  should  be  carefully  observed. 
The  individual  forms,  the  curves  and  scrolls,  and  the  cut  of 
the  foliage  should  then  be  studied,  and  its  symmetry  and 
the  proportion  of  its  parts,  and  the  direction  of  its  move- 
ment, should  be  borne  in  mind  during  the  entire  process  of 
sketching  it  in.  As  to  the  size  of  the  drawing  in  relation  to 
the  copy  or  model  or  natural  object,  it  is  sufficient  to  say 
that  some  definite  scale  of  enlargement  or  reduction  should 
be  followed,  so  that  everything  shall  be  maintained  in  equal 
relative  proportion.  In  beginning  to  draw  a figure,  first  lay 
off  the  extreme  size  of  the  ornament,  then  locate  all  the 
principal  points  of  extent  and  position,  by  measuring  from 
the  base  and  center  lines,  or  by  a network  of  rectangles,  as 
explained  hereafter.  For  this  measuring  and  locating, 
extreme  exactitude  is  not  required ; there  should,  in  fact,  be 
as  little  mechanical  measuring  as  the  student  can  get  along 
with,  all  minor  details  being  gauged  by  the  eye.  LTse  the 
eye  as  much  as  possible,  in  order  that  it  may  become  trained 
to  judge  correctly  of  absolute  and  relative  sizes,  of  form  and 
proportion.  The  value  of  this  accomplishment  to  the  drafts- 
man and  designer  cannot  be  overestimated.  Since  the 
object  of  the  student  is  to  learn  to  draw,  and,  in  a measure, 
to  obtain  a knowledge  of  ornament,  the  above  points  are  of 
far  greater  importance  to  him  than  the  mere  act  of  repeating 
or  copying  of  lines,  and  the  purpose  of  this  course  is  not  to 
make  copyists  of  the  students,  but  to  make  draftsmen  and 
designers  of  them. 

The  same  spirit  applies  to  the  drawing  of  the  two  halves 
of  any  symmetrical  ornameqt.  Except  in  the  main  points 
of  the  design,  no  absolute  identity  of  the  two  halves  is  to  be 
attempted;  there  is  no  artistic  necessity  for  such,  either  in 
drawings  or  in  executed  work.  If  some  little  inequalities 
appear  in  the  two  halves  of  some  scroll  or  foliage  work, 
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leave  them  alone,  and  remember  that  good  ornament  is 
enhanced  in  value,  rather  than  depreciated,  by  the  absence 
of  constraint  or  of  stiff  regularity.  The  individuality  of  the 
designer,  carver,  or  painter  shows  itself  in  such  matters,  and 
gives  character  to  his  work. 

There  is  another  very  important  point  to  be  observed  in 
the  drawing  of  symmetrical  figures.  Never  draw  one  half 
complete  by  itself  and  then  the  other  half ; lay  the  whole 
ornament  out  as  one  figure  and  finish  it  up  simultaneously. 
Above  all,  never  trace  ojfi  one  half  of  an  ornament  to  pro- 
duce the  other  half.  This  method  of  working  is  permissible 
in  offices  and  shops,  on  the  part  of  experienced  draftsmen, 
but  must  be  absolutely  avoided  by  the  student.  Let  him 
remember  that  he  is  learning  to  draw , and  nothing  will 
train  either  hand  or  eye  as  well  as  constant  practice  and 
redrawing  the  same  thing. 


THE  PLATE  EXERCISES 

<».  The  plates  are  to  be  drawn  on  the  same  size  paper, 
14  in.  X 18  in.,  as  was  used  in  Geometrical  Draining.  Unless 
the  student  has  already  had  practice  in  freehand  drawing,  he 
should  draw  each  of  the  exercises  three  or  four  times  before 
he  attempts  the  plate  he  will  send  in  to  the  Schools  for  cor- 
rection. This  preliminary  work  need  be  drawn  in  pencil 
only  on  a good  quality  of  brown  paper  that  will  withstand 
rubbing.  Draw  all  the  figures  of  one  plate  complete  before 
beginning  to  ink  them.  For  freehand  work,  use  a Gillott’s 
No.  404  pen  in  a smooth,  round,  long  holder  without  swell 
or  taper.  In  regard  to  curves,  it  is  generally  best  and  easiest 
to  ink  them  freehand,  but  in  some  cases,  which  will  be 
pointed  out  as  we  progress  in  the  work,  they  may  be  inked 
in  with  instruments  by  combining  arcs  of  circles  with  the 
lines  of  irregular  curves. 

When  inking  in,  keep  the  hands  and  tools  clean,  wipe 
the  pen  frequently,  and  keep  the  ink  bottle  corked  to 
exclude  dust.  When  using  stick  India  ink  ground  on  a 
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slab,  occasionally  add  a drop  of  water  to  keep  it  of  equal 
shade  and  fluidity. 

7,  To  the  Student. — We  realize  that  this  work  goes  out 
to  young  men  of  varying  degrees  of  ability,  diligence,  and 
opportunity;  the  exercises  which  will  appear  simple  to  one 
will  prove  difficult  to  another.  To  those  of  decided  natural 
ability  we  say:  Be  diligent;  keep  at  it  in  the  regular  order ; 
do  not  think  too  soon  that  you  know  it  all,  or  that  you  can 
disregard  our  instructions,  or  become  careless.  To  those 
others  whom  nature  has  not  so  kindly  endowed,  but  who  have 
an  earnest  desire  to  learn,  we  say:  Be  not  discouraged  by 
early  difficulties;  you  are  learning  everyday;  your  hand  is 
becoming  more  supple  and  your  eye  more  observant  with 
each  new  exercise;  try  to  realize  that  you  are  studying  not 
only  a useful  but  an  artistic  and  also  a difficult  accomplish- 
ment, something  worthy  of  your  greatest  efforts  and 
unswerving  perseverance.  These  staying  qualities,  joined 
to  but  a medium  grade  of  talent,  often  succeed  where  greater 
abilities,  joined  to  indolence  and  restlessness,  result  in  fail- 
ure. It  sometimes  takes  years  for  the  child  to  learn  to  write, 
but  he  finally  learns ; while  the  adult,  better  appreciating  the 
value  of  the  accomplishment,  may  acquire  the  same  knowl- 
edge in  a few  months.  Patience,  perseverance,  and  constant 
practice  are  necessary  in  all  cases,  and  he  who  can  learn  to 
write  can  learn  to  draw,  as  the  principle  is  the  same  in  both 
accomplishments. 


DRAWING  PLATE,  TITLE:  LINES 

8.  The  exercises  on  this  plate  are  to  be  drawn  by  the 
student  to  train  his  eye  and  hand  to  work  together,  and 
thereby  become  sufficiently  practiced  to  execute  the  designs 
that  follow.  The  drawing  of  a single  line  is  of  as  much 
importance  as  the  execution  of  an  entire  design,  and  the  stu- 
dent must  practice  constantly  and  patiently,  until  he  mas- 
ters each  simple  problem,  before  he  attempts  the  next. 

In  Fig.  1 is  shown  the  method  of  drawing  perpendicular 


8 


ORNAMENTAL  DRAWING 


§ 15 

straight  lines.  The  pencil  should  be  held  lightly  between  the 
thumb  and  the  forefinger  with  its  upper  end  resting  against 
the  finger  between  the  second  and  the  third  joint,  while  the 
end  of  the  middle  finger  rests  on  top  of  the  pencil  alongside 
of  the  forefinger,  and  not  underneath  the  pencil,  as  is  some- 
times erroneously  done  in  writing. 

The  drawing  board  should  be  squarely  in  front  of  the  stu- 
dent, and  his  elbow  should  rest  near  the  bottom  of  the  board, 
somewhat  to  the  right  of  the  drawing  he  is  at  work  upon. 
A short  straight  line  is  then  drawn,  as  from  a to  b in  Fig.  1, 
and  the  arm  is  then  shifted  a little  lower  down  on  the  board, 
and  another  line,  as  b e,  is  drawn,  care  being  taken  that 
there  is  a space  of  at  least  -gV  inch  between  the  end  of  the 
line  a b and  the  beginning  of  the  line  be.  A third  section 
of  the  line  is  then  drawn  from  c downwards,  and  so  on,  until 
the  line  is  of  the  desired  length.  Having  practiced  this  sev- 
eral times,  the  student  should  gradually  decrease  the  spaces 
between  the  sections  of  the  line  until  it  appears  as  a straight 
unbroken  line,  as  shown  at  d e.  It  is  neces- 
i sary  to  be  still  more  careful  in  doing  this,  lest 

the  lines  overlap  one  another  or  curl  out  at 
. the  ends.  The  former  error  causes  the  fin- 
ished line  to  appear  somewhat  as  at  (a)  in  the 
1 ' figure  shown  on  this  page,  while  the  line  com- 

posed of  strokes  whose  extremities  are  curled 
would  appear  ragged,  as  at  (b).  The  strokes 
‘ with  which  these  lines  are  made  are  not  short 
quick  dashes  of  the  pencil  or  pen,  but  slow, 
even  marks,  each  of  which  is  started  carefully, 
- drawn  slowly,  and  finished  abruptly,  so  as  to 
show  a clean,  even  stroke,  the  same  weight 
and  color  throughout,  and  clean  cut  from  end 
(«)  M to  end.  The  second  stroke  must  never  lap 
over  the  first,  and  it  is  better  to  let  a hair- 
breadth space  remain  between  the  ends  of  the  lines  than  to 
have  the  least  suggestion  of  a line  like  (<•?).  When  the 
student  has  acquired  proficiency  in  this  exercise,  he  may 
draw  four  perpendicular  lines  on  his  paper  f inch  to  the 
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right  of,  and  1 inch  below,  the  side  and  top  border  lines, 
respectively,  these  four  lines  to  be  2f  inches  long,  and 
spaced  i inch  apart.  Only  one  of  them  need  be  an  abso- 
lutely solid  line,  the  other  three  being  composed  of  dashes 
about  f inch  in  length. 

The  drawing  of  horizontal  lines  should  now  be  practiced 
in  a similar  manner,  except  that  the  elbow  should  be  drawn 
near  the'  body,  and,  when  the  strokes  forming  the  horizontal 
lines  are  drawn,  the  whole  arm  should  be  moved  towards  the 
right,  in  order  to  prevent  the  lines  from  becoming  arched,  as 
would  be  the  case  if  the  elbow  remained  fixed,  and  the  hand 
was  moved  only  so  far  as  the  swing  of  the  arm  would  permit. 
The  strokes  forming  the  horizontal  lines  may  be  somewhat 
longer  than  those  composing  the  vertical  lines,  but  the 
method  of  forming  one  straight  line,  by  the  careful  union  of 
several  smaller  ones,  remains  precisely  the  same  for  both 
cases. 

In  drawing  the  horizontal  lines,  see  that  perfect  parallel- 
ism is  maintained;  the  spacing  between  the  lines,  however, 
may  be  gradually  increased  or  decreased  in  order  to  better 
train  the  eye  as  well  as  control  the  hand.  In  drawing  Fig.  2 
of  the  drawing  plate,  commence  1 inch  below  and  2f  inches 
to  the  right  of  the  upper  and  left-hand  border  lines,  respect- 
ively. Make  the  upper  two  lines  inch  apart,  the  third 
line  inch  below  these,  and  the  lower  three  lines  i inch  apart 
and  ^ inch  Delow  the  third  line — all  the  lines  being  2-£  inches 
long. 

Figs.  3 and  4 show  two  sets  of  parallel  oblique  lines,  the 
former  being  drawn  from  right  to  left,  and  generally  called 
right-oblique  lines,  and  the  latter  drawn  from  left  to  right, 
and  usually  designated  as  left-oblique  lines.  Fig.  3 is  much 
easier  to  draw,  as  the  slope  of  the  lines  corresponds  in 
direction  to  the  inclination  of  the  letters  in  ordinary  hand- 
writing, and  the  hand  is  more  accustomed  to  the  angle. 
After  practicing  the  right-oblique  lines,  until  the  student 
feels  assured  he  can  do  as  well  with  them  as  with  the  two 
previous  sets,  he  should  draw  a series  in  the  direction  shown 
in  Fig.  4.  To  do  this  it  will  be  necessary  for  him  to  change 
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the  position  of  his  arm,  so  as  to  bring  the  elbow  towards  the 
right  end  of  the  board  and  the  hand  above  and  to  the  right 
of  the  lines  to  be  drawn.  Commence  the  first  line  of  Fig.  3, 
7 inches  to  the  right,  and  of  Fig.  4,  Sf  inches  to  the  right  of 
the  left-hand  border  line,  and  draw  the  lines  1 inch  apart 
horizontally  and  1 inch  below  the  upper  border  line. 

The  simple  line  exercises  above  described  are  of  the  utmost 
importance  to  the  student,  as  upon  them  will  depend  much 
of  his  future  freehand  wTork,  and  constant  practice  of  them 
cannot  be  advised  too  urgently.  He  should  practice  each 
set  repeatedly,  upon  a sheet  of  ordinary  brown  manila  paper, 
until  he  feels  confidence  in  his  ability  to  produce,  at  will, 
perpendicular,  horizontal,  or  oblique  lines;  and  then,  but  not 
till  then,  should  he  attempt  to  draw  them  upon  the  sheet 
which  he  will  send  to  the  Schools  for  correction.  Each  of 
these  exercises  should  be  drawn  as  carefully  and  as  accu- 
rately as  though  it  were  part  of  a complicated  design — haste 
will  only  produce  slovenliness  and  impede  the  progress  of 
the  student  to  the  end  he  seeks  to  attain  in  this  course— 
namely,  that  of  becoming  a good  draftsman.  Neatness , 
accuracy,  and  rapidity  are  the  three  qualifications  of  a good 
draftsman,  in  the  order  of  their  importance,  and  the  last  is 
of  no  value  unless  accompanied  by  the  other  two,  while  the 
second  is  impossible  without  the  first. 

Figs.  5 and  G show  a combination  of  intersecting  straight 
lines,  Fig.  5 showing  a horizontal  line  crossed  at  its  cen- 
ter by  a perpendicular  line,  thereby  forming  four  angles  of 
90  degrees  each,  while  an  oblique  line  passes  through' both 
of  them  at  their  point  of  intersection,  at  an  angle  of  about 
13  degrees  with  the  perpendicular.  The  eye  must  there- 
fore learn  to  judge  the  inclination  of  a line,  as  well  as  its 
length  and  parallelism  with  another  line,  as  there  are  many 
instances  where  the  accuracy  of  this  judgment  will  determine 
the  value  of  a finished  design.  In  Fig.  G both  of  the  inter- 
secting lines  are  oblique  lines,  but  they  are  perpendicular  to 
each  other,  and  though  very  simple  in  appearance,  this  prob- 
lem is  quite  difficult  to  execute  with  accuracy.  The  student 
should  practice  this  exercise  repeatedly,  testing  his  drawings 
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with  a triangle  to  determine  the  accuracy  of  his  work ; while 
in  different  trials  the  lines  should  be  inclined  at  different 
angles,  and  care  always  exercised  to  be  sure  the  second  is 
perpendicular  to  the  first.  The  points  of  intersection  in 
Figs.  5 and  G are  4|  and  If  inches  from  the  right  border 
line,  and  the  lines  extend  to  within  1 inch  of  the  upper 
border  ljne. 

Fig.  7 shows  a combination  of  the  problems  involved  in 
Figs.  1,  2,  3,  and  4.  Two  vertical  lines  a b and  c d are  first 
drawn,  each  being  about  2\  inches  in  length  and  spaced 
2^  inches  apart.  Two  horizontal  lines  a c and  b d are  then 
drawn,  thus  forming  a square  a b d c.  From  the  center  of 
a c a perpendicular  line  c f drawn  till  it  intersects  b d , and 
from  the  center  of  a b a horizontal  line  g h is  drawn  till  it 
intersects  c d.  Two  right-oblique  lines  are  now  drawn  from 
e to  g and  from  li  to  f,  and  two  left-oblique  lines  from  e to  h 
and  from  gtof  The  diagonals  of  the  square  c b and  a d are 
now  drawn  and  complete  the  figure. 

In  laying  out  the  sides  of  the  original  square  a b and  c d , 
the  student  should  make  the  measurements  by  the  eye,  with- 
out using  any  scale  or  other  mathematical  instrument.  It  is 
a simple  matter  to  space  two  dots  1 inch  apart,  and  then  a 
third  one,  an  inch  from  the  second,  and  a final  dot  ^ inch 
from  the  third,  making  a total  length  of  2 ^ inches  over  which 
the  line  is  to  reach.  In  this  way  the  eye  is  at  first  trained 
to  judge  only  1 inch  of  length;  but,  by  constant  practice, 
any  measurement  may  be  laid  off  by  the  eye,  with  a degree 
of  accuracy  that  is  surprising. 

Fig.  8 shows  a combination  of  all  the  preceding  problems. 
A square  a b d c is  first  laid  out,  in  the  same  manner  as  in 
Fig.  7;  its  vertical  and  horizontal  subdivisions  c f and  g h, 
however,  and  its  diagonals  a d and  c b,  are  dotted  in  this 
case,  while  the  interior  square  k l inn  is  drawn  with  the  ver- 
tical and  the  horizontal  dividing  lines  of  the  larger  square  as 
its  diagonals.  The  interior  square  is  only  1 inch  in  length 
on  these  diagonals,  as  from  k to  in,  or  / to  u,  and  its  sides 
k /,  l m , etc.  form  the  bases  of  four  isosceles  triangles,  whose 
vertices  are  in  the  corners  of  the  larger  square;  while  the 
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diagonals  of  the  smaller  square  form  the  bases  of  four  other 
triangles,  whose  vertices  are  at  the  center  of  the  sides  of  the 
exterior  square. 

The  sides  of  this  second  set  of  triangles  are  dotted  after 
they  intersect  the  sides  of  the  first  set,  thereby  showing  only 
the  upper  part  in  full  lines.  There  should  be  no  difficulty 
in  drawing  this  figure,  except  in  the  adjustment  of  the  meas- 
urements. The  large  square  is  2|  inches  on  its  sides,  and 
the  small  square  is  1 inch  on  its  diagonals  ; and,  if  these 
dimensions  are  laid  off  accurately,  the  remainder  of  the 
exei'cise  is  only  a matter  of  drawing  straight  lines  between 
two  points.  In  drawing  these  figures,  the  student  need  not 
necessarily  dot  all  the  construction  lines  when  he  pencils  in 
the  work;  but  when  the  inking  is  done,  he  must  be  careful 
not  to  draw  a full  line  where  a dotted  line  is  required,  as  the 
subsequent  erasure  will  impair  the  neatness  of  the  finished 
work,  much  more  than  in  instrumental  drawing. 

In  inking  in  lines,  the  pen  is  held  in  precisely  the  same 
manner  as  the  pencil,  and  the  strokes  composing  the  lines 
are  made  with  the  same  slow,  careful  movement  as  when 
the  work  was  first  laid  out.  Dotted  lines  are  made  in  the 
same  manner  as  full  lines,  except  that  the  strokes  composing 
them  are  not  more  than  1 inch  in  length,  and  the  spaces 
between  them  not  less  than  j1^  inch.  The  pen  should  be 
wiped  clean  and  dry  before  each  immersion  in  the  ink,  in 
order  that  the  lines  may  be  of  uniform  thickness  and  color. 
In  this  style  of  freehand  drawing  there  should  be  no  attempt 
at  shade  lining,  as  in  geometrical  drawing,  and  each  line 
should  have  exactly  the  same  weight  and  strength. 

Curved  lines  are  drawn  with  full,  even  strokes  in  the  same 
manner  as  straight  lines,  the  position  of  the  hand  and  fore- 
arm being  slightly  varied  according  to  the  direction  of  the 
curve.  In  drawing  curved  lines,  as  much  of  the  motion  as 
possible  should  be  given  by  the  wrist,  and  the  forming  of 
any  part  of  the  curve  by  the  fingers  alone  should  be  avoided. 

Fig.  9 shows  a combination  of  straight  and  curved  lines 
as  we  find  them  in  the  simple  forms  of  foliated  work.  The 
perpendicular  line  a b is  first  drawn  about  3|  inches  long, 
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and  divided  into  four  equal  parts ; through  each  point  of 
division  the  horizontal  lines  gh,  ef,  and  cd  are  drawn.  The 
curves  ilk,  kinf,  etc.  are  then  drawn,  the  amount  and 
extent  of  their  curvature  being  gauged  solely  by  the  eye. 
The  left  side  should  be  drawn  first,  so  that  the  position  of 
the  hand  will  not  interfere  with  the  view  of  the  opposite 
side,  as  would  be  the  case  if  the  left  side  were  drawn  last. 
Draw  the  curves  in  pairs,  one  on  the  left  side  and  its  mate 
on  the  right,  constantly  comparing  the  curvature  with  the 
original  drawing  to  insure  its  proper  proportion.  When  the 
figure  is  complete,  the  curves  and  the  perpendicular  may  be 
inked  in,  but  the  horizontal  guide  lines  should  be  erased. 

In  Fig.  10  we  have  a continuation  of  the  exercise  shown  in 
Fig.  9,  a number  of  additional  curves  being  executed,  which 
carry  the  form  further  towards  a foliated  design.  These 
extra  curves  must  be  tangent  to  the  first  ones,  and  are  of 
the  same  length  as  that  part  of  the  original  curve  beyond 
the  point  of  tangency.  The  curve  hnli  is  tangent  to  the 
straight  line  at  i,  while  the  curve  n o is  tangent  to  the  first 
curve  at  //,  and  is  the  same  in  length  as  the  curve  n h.  Either 
n o or  n h could  be  removed  from  the  figure  and  leave  a per- 
fect curve  in  l n h or  l n o. 

In  Fig.  11  we  have  the  completed  skeleton  of  the  foliated 
form  started  in  Fig.  9.  It  will  be  observed  in  this  figure  that 
the  main  stem  a b is  heavy  at  the  bottom  b and  gradually 
tapers  off  to  a hair  line  at  the  top  a , while  the  curves  that 
branch  out  from  it  are  a trifle  lighter  or  thinner  than  the 
main  stem,  at  the  point  of  their  tangency,  and  also  taper  and 
split  into  the  two  finer  lines  at  the  end. 

9.  The  three  figures  last  drawn  illustrate  the  three  fun- 
damental principles  of  foliated  ornament : 

1.  All  lines  should  radiate  from  a parent  stem  ; as  in  Fig.  9, 
where  ab  is  the  parent  stem,  and  the  curved  lines  ilh , km  f 
etc.  radiate  from  it. 

2.  All  branching  lines  should  be  tangent  to  the  line  from 
which  they  branch;  as  in  Fig.  10,  where  the  curve  inh  is 
tangent  to  the  parent  stem,  and  n o is  tangent  to  i n h. 
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3.  There  should  be  a proportionate  distribution  of  areas 
between  the  parent  stem  and  the  branches  ; as  in  Fig.  11,  where 
the  parent  stem  a b has  the  greatest  breadth  or  area,  and  each 
of  the  branches  has  an  area  proportionate  to  its  length  and 
to  the  position  it  occupies  on  the  parent  stem.  These  prin- 
ciples should  be  borne  in  mind  by  the  student,  as  they  will 
be  exemplified  as  the  work  becomes  more  complex.  The 
bottoms  of  Figs.  7 to  11  are  all  7 J-  inches  below  the  upper 
border  line,  and  their  center  lines  are  2 inches,  5|-  inches, 
inches,  12  inches,  and  15^  inches,  respectively,  from  the 
left-hand  border  line. 

1 0.  In  Fig.  12  we  have  a combination  of  the  same  curves 
as  exist  in  Fig.  10,  but  arranged  differently.  The  main  stem 
a b is  drawn  3f  inches  long,  and  the  points  e,  k,  and  e are  laid 
off  -f  inch,  1|  inches,  and  2 inches,  respectively,  above  b.  The 
curves  c d and  c f are  then  drawn  so  as  to  be  tangent  at  c 
and  e , and  the  curves  bh  and  hi  are  drawn  to  be  tangent  at 
b and  k and  reverse  their  direction  of  flexure,  so  as  to  inter- 
sect the  first  two. 

Fig.  13  shows  an  example  of  ornament  composed  entirely 
of  curved  lines.  These  lines  radiate  from  a common  center 
at  a , where  they  all  become  tangent,  while  small  branches,  as 
at  b and  c , relieve  the  cramped  appearance  that  might  exist 
if  the  lines  were  left  to  curve  unbroken  to  a common  center. 

Fig.  14  shows  a combination  of  continuous  curves  or  scrolls, 
with  tangent  branchings  at  a and  b,  and  is  a style  of  design 
which  is  largely  used  in  ornamental  ironwork.  The  spirals 
require  most  careful  drawing,  and  may  be  started  on  the 
construction  lines  c d,  e f and  gh.  The  points  where  the 
spirals  should  intersect  the  construction  lines  should  be  laid 
off  first  by  eye  measurement,  and  the  curves  then  drawn  to 
pass  through  the  points  so  located.  The  entire  figure  should 
be  4-|-  inches  long,  and  the  right-hand  scroll  1^  inches  wide, 
while  the  left-hand  scroll  should  be  f inch  wider  than  this. 

Fig.  15  is  a conventional  representation  of  a flower;  the 
lines  are  all  curved  and  of  double  flexure,  but  the  system  of 
construction  is  simple,  as  shown  by  the  dotted  lines. 
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The  terms  conventional , or  conventionalized , are  used  to 
designate  a floral  or  other  device  which  has  been  drawn  on 
a system  of  geometrical  construction  lines.  For  instance, 
Fig.  15  is  a representation  of  a flower  of  the  lily  class,  but  is 
drawn  so  that  each  half,  as  divided  by  the  vertical  center 
line,  is  a,  duplicate  of  the  other  half — a condition  which  never 
would  exist  in  nature,  but  which  is  desirable  in  certain  classes 
of  ornament. 

In  Fig.  16  is  shown  a still  more  conventional  style  of  ren- 
dering the  same  flower,  and  this  form  of  it  is  universally 
known  as  the  “fleur-de-lis,”  which  is  a French  term  signify- 
ing “flower  of  the  lily.”  The  central  construction  line  ab 
is  vertical  and  straight,  while  the  side  lines,  as  c d,  are  curved 
similar  to  the  side  lines  in  Fig.  9,  except  that  they  are  not 
tangent  to  the  center  line,  but  are  kept  \ inch  away  from  it 
and  curve  out  at  their  lower  extremities.  The  student  should 
not  attempt  to  draw  any  of  the  last  six  figures  until  he  has 
thoroughly  mastered  the  simpler  forms  that  precede  them. 
Patience  and  perseverance  on  this  part  of  the  work  will 
render  what  is  to  follow  not  only  more  accurate  but  also 
more  simple. 

Figs.  12,  14,  15,  and  16  are  all  § inch  above  the  lower  bor- 
der, while  the  center  lines  ab  of  Fig.  12,  and  ef  and  c d oi 
Fig.  14,  are  2f  inches,  5 \ inches,  and  8f  inches  from  the  left- 
hand  border  line,  respectively.  The  center  lines  of  Figs. 
15  and  16  are  6^  inches  and  2f  inches  from  the  right  border 
line,  and  Fig.  13,  which  is  If-  inches  high  and  4|-  inches 
long,  is  drawn  above  Fig.  14  and  3|-  inches  from  the  lower 
border  line. 


DRAWING  PLATE,  TITLE:  VASES  AND  BORDERS 

11.  In  this  plate,  Figs.  1 to  8 show  outlines  of  various 
vases  and  urns,  which  afford  excellent  practice  in  drawing 
curved  lines  united  to  fillets  and  coves.  These  may  be  drawn 
freehand,  or  partly  with  the  instruments,  but  the  inking  in 
should  be  freehand  work  in  either  case.  The  center  lines 
and  principal  heights  and  widths  are  marked  on  the  plate, 
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and  the  student  should  use  a scale  in  laying  them  out  in  his 
practical  work. 

In  inking  in,  the  student  should  be  careful  that  the  con- 
necting curves  are  graceful  lines,  and  tangent  to  the  arcs,  so 
as  to  form  a perfect  joint. 

The  art  of  pottery  and  glass  blowing,  technically  called 
ceramics,  is  as  old  as  civilization,  and  every  ancient  race 
has  left  an  art  legacy  in  this  line.  The  examples  from 
Greece,  especially,  have  to  this  day  remained  models  of  cor- 
rect form  and  appropriate  decoration.  In  the  fifteenth  and 
the  sixteenth  centuries,  it  was  in  Venice  that  the  art  flour- 
ished and  produced  works  of  unexcelled  beauty,  especially  in 
the  art  of  glass  blowing.  In  more  modern  times,  the  great 
potteries  of  Sevres , in  France,  and  of  Dresden,  in  Germany, 
have  furnished  the  art  world  with  wonders  in  ceramic  design ; 
but  at  no  time  have  the  ancient  Greek  forms  been  entirely 
superseded. 

Figs.  9,  \0,  and  11  show  geometrical  patterns  of  frequent 
occurrence  in  every  kind  of  ornamentation.  Their  character 
is  textile ; they  are  designs  devised  from  the  weaver’s  skill, 
and  from  that  origin  have  been  used  in  every  other  branch 
of  the  technical  arts,  and  in  architecture  as  surface  decora- 
tions. Figs.  9 and  10,  called  frets,  plain  and  interlacing, 
were  used  largely  in  Grecian  architecture  and  ceramic  deco- 
rations. Fig.  11  is  the  same  in  principle  as  Fig.  10,  but 
with  the  lines  curved  instead  of  straight.  This  style  of  inter- 
laced ornament  is  called  the  guilloclie,  and  is  suggestive  of 
braided  work.  Both  kinds  are  of  countless  variety,  and  with 
the  addition  of  colors  make  beautiful  ornaments,  regarded 
simply  as  such.  Their  design  is  based  upon  a network  of 
scpiares,  triangles,  or  circles,  or  combinations  of  these,  and 
they  have  the  character  of  sti'ictly  regular  and  unlimited 
repetition. 

To  draw  Fig.  9,  divide  the  height,  which  is  2 inches,  into 
nine  equal  parts,  and  repeat  this  spacing  horizontally  so  as  to 
form  squares,  then  count  off  the  squares  and  draw  the  lines 
of  the  figure. 

To  draw  Fig.  10,  divide  the  height  into  six  equal  spaces,  and 
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repeat  the  same  divisions  horizontally.  Through  the  points 
of  intersection  draw  45-degree  diagonals  to  form  a network 
of  diagonal  squares.  To  obtain  the  boundary  line,  draw  the 
width  of  the  band  through  the  first  vertical  division  line,  and 
also  through  the  top  and  bottom  horizontal  diagonal  lines  of 
the  squares. 

To  draw  Fig.  11,  divide  the  length  of  the  panel  into  five 
equal  vertical  parts;  also,  draw  the  horizontal  divisions  as 
figured.  This  ornament  is  to  be  drawn  with  arcs  and  with 
connecting  sweeps  made  with  the  irregular  curve.  Lay  off 
the  centers  for  the  upper  and  lower  arcs  upon  the  verticals  as 
marked,  sweep  them  around  till  they  intersect,  and  from  there 
connect  them  with  two  equal  curves  which  are  to  meet  on  the 
short  diagonals  dotted  through  the  center  point.  The  inner 
arcs  stop  against  the  sweeps  of  the  outer  arcs.  For  the  end 
finish,  strike  parallel  arcs  from  the  intersection  of  the  sweeps 
on  the  horizontal  middle  line  as  marked.  There  is  no  freehand 
work  in  Figs.  9,  10,  and  11. 

Figs.  12  and  13  are  scroll  lines,  suggested  by  the  curves 
of  growth  of  such  vines  as  the  ivy,  the  honeysuckle,  etc.  As 
simple  line  ornaments,  scrolls  occur  in  a variety  of  surface 
decorations,  and  in  wrought-iron  grilles  and  railings;  but 
their  greatest  field  is  in  furnishing  the  basis  of  the  ornamen- 
tations known  as  arabesques,  which  are  animated  compo- 
sitions of  idealized  vegetable  life,  stems  and  tendrils,  leaves 
and  fruit  work,  combined  in  rich  profusion  with  animal  and 
human  detail  and  other  accessories.  Arabesques  are  used 
particularly  for  friezes,  panel  and  pilaster  decorations.  Their 
character  as  ornaments  is  purely  decorative,  and  offers  an 
unrestricted  field  for  the  artist’s  fancy. 

The  importance  of  the  scroll  line  must  thus  be  apparent  to 
the  student;  it  is  of  constant  occurrence  in  ever-changing 
form,  and  he  should  make  special  effort  to  learn  its  deline- 
ation. These  scrolls  differ  from  that  shown  on  the  previous 
plate,  as  the  lines  are  less  constrained  and  have  more  free- 
dom of  flexure. 

To  draw  Fig.  12,  divide  the  height  of  2 inches  into  three 
equal  strips;  then  take  off  a vertical  strip  inch  wide  at  the 
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beginning  of  the  panel,  and  divide  the  remainder  into  fifteen 
equal  parts.  These  guide  lines  locate  exactly,  or  very 
closely,  the  principal  points  of  the  scrolls;  for  all  minor 
details,  judge  size  and  position  by  the  eye,  but  do  not  for- 
get the  remarks  previously  made  in  Art.  5 on  the  subject 
of  composition. 

To  draw  Fig.  13,  divide  the  panel  horizontally  as  above; 
from  the  vertical  center  line,  measure  to  the  right  and  left  a 
distance  equal  to  the  height  of  one  of  the  horizontal  divisions, 
and  divide  the  remainder  on  each  side  into  six  equal  strips. 
In  the  pencil  drawing  of  Figs.  12  and  13,  the  irregular  curve 
may  be  used  for  all  the  larger  lines,  but  the  inking  in  should 
be  freehand. 

Fig.  14  is  another  example  of  scrollwork,  the  lines  being 
double  and  terminating  in  a closed  curl.  The  ornament  is 
distinctly  Egyptian  in  style,  and  is  used  largely  as  a cresting, 
or  crozvning  feature  of  structural  parts.  It  is  a character- 
istic running  ornament,  typifying  the  waves  of  the  rising  Nile, 
from  which  Egypt  derived  so  many  benefits.  It  subse- 
quently became  a favorite  ornament  in  Greece,  where  it  no 
doubt  suggested  the  idea  of  the  volute,  which  is  discussed 
further  on.  To  draw  Fig.  14,  divide  the  panel  horizontally 
into  three  equal  parts,  and  vertically  into  fourteen  equal 
parts,  and  locate  all  needful  points,  as  previously  explained. 
In  drawing,  the  irregular  curve  may  again  be  used,  but  the 
inking  in  should  be  freehand. 

Fig.  15  is  an  example  of  leaves  modeled  from  those  of 
water  plants,  and,  therefore,  technically  called  water  leaves. 
They  occur  largely  in  all  styles  of  classical  architecture, 
where  they  are  used  to  decorate  moldings,  the  necks  of  cap- 
itals, the  shafts  of  candelabra,  etc.  The  shape  of  this  leaf 
varies  from  broad  and  blunt  to  slender  and  very  pointed, 
with  more  or  less  pronounced  rib  lines.  Its  edge  is  usually 
smooth,  but  sometimes  is  indented  with  a furrowed  rim. 

To  draw  Fig.  15,  divide  the  panel  into  three  equal  hori- 
zontal and  eight  equal  vertical  parts;  locate  the  principal 
points  of  intersection,  judge  the  shapes  well  and  draw  them 
carefully,  inking  them  in  freehand. 
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All  plants  do  not  lend  themselves  with  equal  facility  to 
ornamental  treatment.  Individual  and  decided  forms  of 
leaf,  flower,  or  fruit,  good  grouping  of  parts,  and  a certain 
adaptability  to  the  exigencies  of  composition,  are  necessary. 
Their  forms  must  offer  the  possibility  of  being  remodeled, 
either  in  the  direction  of  an  idealistic  treatment  or  in  the 
opposite  one  of  a naturalistic  exaggeration.  All  plants  will 
not  admit  of  this,  and,  consequently,  we  find  particular  vege- 
table forms  associated  with  particular  styles  of  design, 
according  to  their  tendency.  Our  text  gives  some  applied 
illustrations  on  these  matters  in  a general  way,  but  beyond 
that  we  cannot  pursue  this  topic  at  present.  SuffLe  it  for 
the  student  to  know  that  all  vegetable  elements  of  ornamen- 
tation are  largely  artificial  creations  of  man’s  own  invention, 
and  that  they  must  be  in  harmony  with  the  style  and  design 
of  the  object  which  they  adorn.  The  delicate  arabesques  of 
the  Italian  revival  would  look  out  of  place  decorating  the 
somber  masses  of  a Gothic  tower;  likewise,  the  Gothic  oak 
leaf,  with  its  great  bumps  and  protruding  rib  lines,  would  be 
too  coarsely  realistic  for  a Corinthian  capital  in  contrast  with 
the  elegant  entablature  of  this  order.  Ornamentation  grows, 
so  to  speak,  with  and  out  of  the  style,  as  do  leaves  and  blos- 
soms out  of  the  stems  and  branches.  Harmony  of  spirit, 
form,  and  purpose  is  the  underlying  principle  of  all  art. 


DRAWING  PLATE,  TITLE:  CONVENTIONALIZED 

LEAVES 

1 2.  Figs.  1 and  2 represent  two  conventional  styles  of 
leaf  work  of  the  class  of  ornaments  known  as  palmettos. 
There  are  a number  of  plants  whose  leaves  or  flowers  may 
have  first  suggested  these  forms.  The  leaves  with  drooping 
points  as  shown  in  Fig.  2 are  generally  assumed  to  typify  the 
lotus,  the  sacred  water  plant  of  Egypt;  the  lancet-shaped 
leaves  of  Fig.  1 are  generally  assumed  to  be  derived  from 
the  buds  of  the  honeysuckle. 

To  draw  Figs.  1 and  2,  lay  out  the  guide  lines  as  marked, 
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and  locate  the  tips  of  the  leaves  and  a few  principal  points  of 
intersection ; observe  the  form  carefully  and  draw  the  orna- 
ments, with  an  irregular  curve,  if  desired,  inking  them 
freehand. 

Fig.  3 shows  single  lobes  of  leaves  patterned  after  the 
characteristic  cut  of  the  parsley  and  celery.  Figs.  4 and 
10  show  corner  ornaments,  or  carved  terminations  on  the 
return  corners  of  moldings.  They  are  composed  of  the 
lancet-shaped  leaf  of  Fig.  1.  The  general  pattern  of  bell- 
shaped flowers  like  those  of  the  tulips  and  lilies  and  others  is 
shown  by  Fig.  8.  All  the  above  examples  are  to  be  drawn 
with  care,  and  inked  freehand,  taking  special  pains  with 
the  converging  lines  of  Figs.  4 and  10. 

Fig.  5 is  a running  scroll  ornament  of  conventional 
design,  the  scroll  having  a swell  which  gives  it  a peculiar 
effect.  This  example  may  be  drawn  entirely  with  the  irreg- 
ular curve,  excepting  the  leaves  which  fill  the  spandrels, 
but  should  be  inked  in  freehand. 

Fig.  G is  a water-leaf  ornament  used  largely  to  decorate 
a molding  known  as  the  cyinci  revcrsa.  This  style  of  water 
leaf,  which  was  perfected  in  Grecian  architecture,  is  distin- 
guished by  having  its  edge  rimmed , or  beveled,  which  is 
indicated  by  the  double  outline,  giving  it  a richer  shadow 
effect. 

Figs.  7,  9,  and  11  are  geometrical  rosettes  composed  of 
plain  and  rimmed  water  leaves.  Their  construction  is  self- 
evident,  and  they  must  be  drawn  and  inked  freehand,  though 
the  construction  lines  may  be  laid  out  with  instruments. 

Fig.  12  is  a scroll  ornament  designed  especially  for  prac- 
tice in  this  most  important  line.  Lay  off  all  the  guide  lines 
as  marked,  and  sweep  the  ctxrves  around  from  the  center  of 
the  figure,  right  and  left  to  the  ends  of  the  spirals,  taking 
special  care  to  maintain  the  gradual  convergence  of  the  lines. 
If  the  curves,  when  they  appear  to  be  easy  and  graceful 
scrolls,  vary  a little  from  the  guide  points,  it  does  not  matter. 
In  inking,  one  half  of  this  figure  must  be  done  entirely  free- 
hand, the  other  half  as  much  as  possible  with  the  irregular 


curve. 


CONVENTIONALIZED  LEAVES. 


JUNE.  85./ 893. 


For  notice  of  copyright,  see  page  immediately  following  the  title  page. 


JONJ7  SJyTITNj  CLASS  JJS45ES 


ORNAMENTAL  DRAWING 


21 


§ 15 

Fig.  13  is  a Byzantine  ornament,  a combination  of  free- 
hand and  geometrical  lines,  showing  handwork  studded  with 
dewdrops,  terminating  in  a leaf  of  the  peculiar  pointed  pat- 
tern of  this  style.  The  difficulties  of  this  exercise  are  in  the 
long-drawn  lower  curves  joining  in  the  central  loop,  and  in  the 
joint  of  the  straight  part  of  the  ribbon  with  the  sharp  upper 
curve  towards  the  leaf.  Only  a few  points  of  location  are,  or 
can  be,  given  for  this  figure ; we  wish  the  student  to  rely 
more  and  more  upon  his  eye  and  upon  merely  approximate 
measurements.  Proceed  as  before,  inking  one  half  freehand, 
including  the  dewdrops,  the  other  half  as  much  as  possible 
with  the  irregular  curve  and  the  bow-pen. 


DRAWING  PLATE,  TITLE:  LEAVES  AND  FOLIAGE 

13.  In  this  plate  are  shown  seven  figures  of  more  or  less 
conventionalized  leaves,  and  combinations  of  leaves,  flowers, 
and  foliage.  It  is  assumed  that  by  this  time  the  student  has 
acquired  a certain  amount  of  dexterity  in  handling  his  pencil 
and  freehand  pen,  and  can  reproduce,  at  will,  any  of  the 
simpler  patterns  or  designs  here  submitted,  without  exten- 
sive directions  as  to  the  proper  method  of  procedure. 

In  Fig.  1 is  shown  the  conventionalized  natural  formation 
of  three  leaves  growing  together;  the  leaves  do  not  possess 
the  curl  natural  to  the  growing  plant,  but  may  be  considered 
as  a front  view  and  two  side  views  of  the  leaf  as  it  appears 
in  growth.  The  left  side  of  the  figure  shows  the  outline  of 
the  general  form  of  the  leaf  which  must  first  be  drawn,  and 
the  right  side  shows  the  finished  leaf  with  the  serrations,  or 
notched  edges,  drawn  in,  and  the  construction  lines  removed. 
The  length  of  the  figure  from  a to  b is  4^  inches,  while  its 
breadth  from  c to  d is  4f  inches. 

Fig.  2 shows  a conventionalized  acanthus  leaf,  and  is 
an  important  figure  to  the  student,  as  in  its  varied  forms  it 
plays  an  important  part  in  the  details  of  ornamental  design. 
To  draw  Fig.  2,  the  central  line  a b is  laid  out  4^  inches  long, 
and  is  divided  into  four  equal  parts,  at  k , /,  and  m.  Through 
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the  upper  and  the  lower  of  these  divisions,  the  lines  e f 
and  g h are  drawn,  each  2f  inches  in  length;  and  through 
the  center  the  line  c d is  drawn  2f  inches  in  length.  Through 
the  points  so  located,  the  curves  a c b and  a d b are  drawn, 
within  which  the  details  of  the  leaf  are  outlined.  Where  the 
lobes  of  the  leaf  lap  over  one  another,  it  is  the  lower  lobe 
that  is  drawn  with  the  full  line,  while  the  upper  lobe  is 
dotted  under. 

Fig.  3 shows  a conventionalised  form  of  leaf  much  used  in 
classic  designs.  In  drawing  this  figure,  the  center  line  a b is 
laid  out  4f  inches  long,  and  the  points  c,  d,  e,  and  f are  laid 
off  below  a linch,  If  inches,  2 inches,  and  2f  inches,  respect- 
ively. Horizontal  lines  are  then  drawn  through  these 
points,  and  the  vertical  lines  g h and  j k are  drawn  If  inches 
and  If  inches  from  the  center  line  a b.  The  curves' of  the 
leaf  lobes  are  then  drawn  in,  and  the  spear-head  centerpiece 
on  the  line  a b is  drawn  last,  and  proportioned  so  that  its 
greatest  breadth  on  the  line  / in  is  f inch  below  the  point  a 
and  ff  inch  in  width.  Additional  construction  lines  may  be 
drawn  for  the  inner  curves  of  the  leaf  lobes,  if  desirable,  in 
which  case  the  lines  o q and  r t may  be  drawn  if  inch  and 
1 jJj  inches  from  a b,  and  the  lines  o p and  r s may  be  r5g  inch 
and  f inch  above  the  lines  h d and  k f.  When  the  figure  is 
inked  in,  all  the  construction  lines  should  be  erased  on  the 
right  side  of  the  leaf,  while  the  construction  lines  on  the  left 
side  may  be  dotted  with  the  ruling  pen. 

Fig.  4 shows  a form  of  double  scroll  that  frequently 
occurs  in  conventionalized  foliage  designs.  It  should  be 
drawn  entirely  freehand,  without  any  construction  lines 
other  than  the  center  line  a b,  which  is  4f  inches  long. 

All  these  figures  are  1 f inches  below  the  upper  border  line, 
and  their  center  lines  are  3f  inches,  7f  inches,  lOf  inches,  and 
14f  inches  to  the  right  of  the  left-hand  border  line. 

Fig.  5 is  a pattern  of  foliated  border  which  occurs  very 
frequently  in  both  carved  and  painted  designs  of  Greek 
ornament. 

It  may  be  repeated  unlimitedly  by  drawing  as  much  of 
the  design  as  occurs  within  the  rectangle  a b d ct  and  then 
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duplicating  the  design  within  a similar  rectangle  to  the  right 
and  left.  In  drawing  Fig.  5,  the  student  should  first  construct 
a rectangle  <?  b d c,  G|  inches  long  by  6T\  inches  high,  through 
the  center  of  which  a vertical  line  e f is  drawn  as  the  center 
line  of  the  ornament.  The  design  is  then  carefully  drawn 
in,  entirely  freehand,  only  such  points  being  mechanically 
located  as  are  indicated  by  the  dimensions.  When  the  figure 
is  completed  within  the  rectangle,  the  right  half  of  the 
flower  maybe  completed  on  the  right  of  the  line  c d,  and  the 
figure  then  inked  in.  The  student  need  not  show  the  dimen- 
sions on  his  drawing. 

In  Figs.  0 and  7 are  shown  two  scroll  designs,  and  also 
a method  of  reproducing,  with  comparative  accuracy,  any 
pattern  wdiich  may  be  desired.  In  Fig.  G a rectangle  is 
drawn  inches  high  and  6|  inches  long,  which  is  divided 
into  48  squares  of  inch  each.  Within  this  rectangle  the 
pattern  is  drawn  freehand  by  noting  where  each  line  of  the 
design  crosses  the  lines  of  the  squares,  and  in  what  direction 
it  crosses  the  squares  themselves.  For  instance,  at  a it  will 
be  seen  that  the  inner  curve  of  the  design  passes  through  the 
center  of  the  square  bounded  by  the  lines  1,  2,  A , and  B, 
and  passes  out  of  the  square  into  the  ones  above  and  below, 
about  one-third  of  the  length  of  the  square  to  the  left  of  the 
line  B.  It  then  crosses  the  line  A into  the  square#,  3.  B,  C, 
about  one-quarter  the  length  of  the  side  below  the  line  2,  and 
leaves  this  square  very  close  to  the  intersection  of  the  lines  2 
and  C.  In  this  way  the  outline  of  the  design  may  be  accu- 
rately drawn  and  inked,  after  which  the  construction  lines 
may  be  erased,  leaving  the  pattern  to  stand  alone. 

Fig.  7 maybe  drawn  in  precisely  the  same  manner,  except 
that  the  main  outline  of  the  construction  encloses  a number  of 
rectangles  instead  of  squares,  each  of  which  is  f inch  high  by 
| inch  long,  making  the  exterior  rectangle,  which  bounds 
the  figure,  3 inches  high  and  7 inches  long.  In  drawing  this 
figure,  the  student  may  use  his  ruling  pen  in  conjunction 
with  the  T square  and  triangle  to  ink  in  the  straight-line  por- 
tion, and  with  his  irregular  curve  to  ink  the  scrolls;  but  in 
the  latter  part  of  the  work  he  should  exercise  the  same  care 
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in  joining  the  ends  of  the  curved  lines  as  in  freehand  work, 
leaving  small  spaces  between  the  abutting  ends  of  two 
curves,  rather  than  have  them  lap  over  one  on  the  other. 
When  the  figure  is  complete  and  inked,  the  construction 
lines  should  be  erased  as  before. 


DRAWING  PLATE,  TITLE:  GEOMETRICAL 
ORNAMENT 

14.  All  conventionalized  ornament  used  in  practical 
problems  of  ornamental  design  is,  to  a certain  extent,  geo- 
metrical in  its  formation,  inasmuch  as  it  is  always  conducted 
on  geometrical  lines;  but  the  four  figures  in  this  plate  are 
more  geometrical  than  the  previous  ones,  as.  with  the  excep- 
tion of  Fig.  1,  they  are  not  only  duplicated  on  opposite  sides 
of  a center  line,  but  they  are  also  enclosed  within  the  out- 
lines of  a fixed  geometrical  form.  Figs.  1 and  3 are  bounded 
by  a quadrangular  form,  Fig.  4 is  enclosed  within  an  ellipse, 
and  Fig.  2 is  a combination  of  Fig.  1 with  straight  and 
curved  lines. 

Fig.  1 is  what  is  known  as  a volute,  and  is  a spiral  orna- 
ment used  in  carved  and  painted  designs  of  Grecian  or 
Roman  origin.  The  example  here  given  is  purely  Greek, 
and  its  proportions  of  height  and  width  are  governed  by 
definite  geometrical  rules  for  each  convolution.  In  drawing 
a Grecian  volute,  the  construction  lines  a b,  be , and  cd 
should  be  laid  out  in  the  proportion  of  61  : : 4 That  is, 

if  a b is  inches  long,  then  b c and  c d must  be  5j  inches  and 

inches,  respectively.  And  the  construction  lines  of  the 
inner  convolution  must  have  this  same  proportion ; that  is, 
ef-fg'gh  as  (ii  : : 41. 

To  draw  Fig.  1,  lay  off  a b — G|  inches,  b c — 5^  inches,  and 

c d = 4\  inches;  e f is  always  \ a b,  and  d c is  \ {c  d c f) ; 

41131 

therefore,  ef  is  3^  inches,  and  de  is  - 2 W— 4 = 3| inches; 

de  is,  therefore,  laid  off  3|  inches,  and  cf  inches;  fg 
will  be  in  proportion  to  ef  as  GJ  : 5£,  or  2§  inches,  and  g h 
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will  be  to  f g as  5f  : 4f,  or  2f  inches.  In  the  same  manner, 
h k is  found  to  be  Iff  inches,  k l is  If  inches,  l m is  If  inches, 
and  m n is  If  inches.  Within  these  construction  lines  the 
volute  is  then  drawn,  care  being  exercised  that  the  curves 
are  just  tangent  to  the  straight  lines  as  they  pass.  In  ink- 
ing this  figure,  the  student  should  dot  the  construction  lines 
with  a ruling  pen,  but  the  curve  must  be  drawn  freehand. 

In  Fig.  2 we  have  two  volutes  similar  to  that  shown  in 
Fig.  1,  in  conjunction  with  a number  of  freehand  curves 
such  as  were  drawn  in  the  first  plate.  There  is  nothing  new 
in  this  figure,  and  the  student  can  draw  the  same  without 
any  further  directions,  except  that  the  point  a and  the  lines 
c d and  e f are  ff  inch,  2ff  inches,  and  7 inches  below  the 
upper  border  line,  respectively,  and  the  center  line  a b is 
8f  inches  long. 

Fig.  3 shows  an  ornamental  form  used  largely  in  wood 
and  stone  carving.  Its  curves  are  derived  almost  entirely 
from  the  arcs  of  circles,  and  the  student  may  lay  out  the 
construction  lines  with  a compass,  and  draw  the  figure  itself 
freehand.  The  central  circle  is  3 inches  in  diameter,  and 
inside  of  the  circumference  a smaller  circle  2 inches  in  diam- 
eter is  drawn  with  its  center  at  b f inch  above  and  f inch  to 
the  right  of  a;  at  c is  the  center  of  another  circle  If  inches 
in  diameter,  lT7y  inches  to  the  left,  and  f inch  above  a.  Two 
more  lf-inch  circles  have  their  centers  at  d and  e,  If  inches 
above,  2 inches  below,  and  If  inches  to  the  left  of  a.  The 
center  at  f is  If  inches  to  the  right  and  2 inches  above  a, 
and  around  it  is  turned  a circle  1 inch  in  diameter,  while  two 
inches  below  a and  If  inches  to  the  right,  the  center  of  a 
lf-inch  circle  is  located  at^.  With  these  circles  as  construc- 
tion lines,  the  student  should  now  proceed  to  draw  the 
design,  sketching  the  outline  roughly  at  first,  to  secure  the 
rounding  of  the  curves,  and  then  gradually  evening  up  the 
lines  until  it  is  ready  for  inking  in.  Observe  attentively 
that  the  three  principles  of  foliated  ornament  are  obeyed  in 
the  drawing  of  this  figure.  See  that  the  main,  or  parent, 
stem  is  the  largest,  and  that  the  offshoots  leave  it  on  a tan- 
gent line;  also,  carefully  observe  that  the  construction  circles 
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do  not  form  the  center  lines  of  the  tendrils  and  branches,  but 
simply  serve  to  guide  their  curvature  at  the  start.  Careful 
study  of  the  place  and  amount  of  the  departure  from  the 
circular  construction  lines  will  enable  the  student  to  draw, 
with  considerable  accuracy,  those  branches  and  tendrils  for 
which  no  construction  has  been  provided.  When  the  figure 
is  inked,  the  construction  lines  may  be  dotted  in  place  with 
the  bow-pen. 

Fig.  4 shows  a Greek  ornament  called  a palmetto.  It  is 
an  extremely  conventionalized  form  of  the  Egyptian  lotus 
flower,  and  is  an  important  detail  in  architectural  ornament. 
To  draw  the  figure,  an  ellipse  is  first  constructed  7^  inches 
long  and  6 inches  wide,  through  the  longitudinal  axis  of 
which  is  drawn  a line  a b,  and  through  the  transverse  axis 
the  line  c d.  From  d the  distances  d e,  ef,  and  fg  are  laid 
off,  each  equal  to  If  inches,  and,  at  the  points  so  located,  the 
exterior  curves  of  the  leaves  are  permitted  to  become  tan- 
gent. From  a point  h coincident  with  one  of  the  foci  of  the 
ellipse,  the  arc  j k is  drawn  with  a radius  of  If  inches;  and 
from  i,  the  intersection  of  this  arc  with  the  line  a b,  the  dis- 
tances ij  and  i k are  laid  off  each  equal  to  T9(;  inch.  From  h 
to  j and  k,  lines  are  then  drawn,  tangent  to  which  the  curves 
of  the  lower  leavesyV  and  k d are  started.  All  the  curves 
of  the  leafwork  are  then  brought  down  to  the  arc  j k,  as 
shown,  and  each  curve  is  tangent  to  a line  convergent  to  h. 
The  other  details  of  the  figure  are  drawn  as  in  the  previous 
examples — by  eye  measurement. 

The  student  should  practice  the  exercises  on  this  plate 
repeatedly,  and  his  skill  with  the  pencil,  acquired  through 
these  examples,  will  be  severely  taxed  in  the  work  to  come. 


DRAWING  PLATE,  TITLE:  APPLIED  ORNAMENT 

15.  In  this  plate  are  seven  figures,  each  of  which  is  to 
be  drawn  according  to  the  system  of  squares  explained  in 
connection  with  the  Drawing  Plate,  title:  Leaves  and  Foli- 
age, but  the  squares  are  larger  in  proportion  to  the  detail, 
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and  the  utmost  care  is  required  in  order  to  execute  the 
designs  with  accuracy.  In  the  seven  figures  of  this  plate  are 
involved  all  the  problems  of  straight  and  curved  lines  set 
forth  in  the  five  previous  plates,  and,  if  the  student  has 
diligently  practiced  on  his  past  work,  there  is  nothing  here 
that  will  cause  him  the  slightest  difficulty.  If,  on  the  other 
hand,  the  previous  work  has  not  been  diligently  studied,  it 
will  be  almost  impossible  for  the  student  to  turn  out  a satis- 
factory drawing  of  these  figures,  and  he  is  advised  to  review 
his  old  work  and  practice  on  such  details  as  the  instructors 
have  called  to  his  attention,  on  the  previous  plates. 

Fig.  1 represents  a Grecian  palmette,  somewhat  similar 
to  Fig.  4 of  the  previous  plate,  though  the  design  is  based 
upon  a different  character  of  plant. 

These  ornaments  are  characteristic  details  of  Grecian 
architecture,  and  were  used  to  decorate  the  head  tiles  of  the 
eaves  of  the  Grecian  temples,  and  as  a termination  for  the 
“ stele  ” or  slab-like  tombstone  which  they  erected  over  their 
graves.  Palmettes  occur  in  a less  monumental  way,  in 
almost  every  field  of  ornamentation,  and,  while  always 
adhering  to  their  original  simplicity  of  form,  they  show 
much  variety  and  great  beauty  of  design.  The  palmette  of 
our  example  is  distinguished  by  the  sweeping  double  curva- 
ture of  the  leaves,  and  is  taken  from  the  stele  of  the  best 
Athenian  period. 

As  to  the  scrollwork  of  this  ornament  and  also  of  the  fol- 
lowing one,  the  richly  reeded  stems  and  the  grooved  model- 
ing of  the  runners  are  typical  of  Grecian  ornamentation  in  its 
clean-cut,  strong,  and  simple  lines.  The  vegetable  proto- 
types of  this  style  of  work  are  to  be  found  in  the  hollow- 
stemmed reedy  grasses  of  the  fields,  in  the  bulrushes  of  the 
swamps,  and  in  the  lower  orders  of  such  vines  as  the  pump- 
kin and  melon. 

To  draw  Fig.  1,  lay  out  the  guide  lines  as  marked,  dividing 
the  panel  into  five  horizontal  and  four  vertical  equal  strips; 
locate  The  tips  of  the  leaves  and  principal  points  of  the 
scrolls.  The  inking  must  be  done  entirely  freehand. 

Fig.  2 represents  the  conventional  Iloman  acanthus  leaf. 
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In  this  form  it  is  used  to  ornament  the  corner  of  a frieze  or 
capital,  and  shows  the  top  lobe  of  the  leaf  lapping  over,  which 
is  a characteristic  point  of  the  conventional  acanthus. 

No  other  vegetable  element  of  ornamentation  has  been  so 
extensively  employed  as  the  acanthus  leaf  and  flower;  it 
occurs  in  every  phase  of  ancient  and  modern  classical  art,  as 
well  as  in  the  Byzantine  and  Romanesque  styles.  It  there- 
fore follows  that  there  are  a great  many  distinct  methods  of 
treating  this  leaf  in  shape  and  modulation,  which  will  be 
discussed  in  the  section  on  Architectiiral  Design.  To  draw 
Fig.  2,  proceed  as  before;  mark  well  the  shape  of  the  lobes 
and  their  loop- like  overlapping  of  one  another;  also,  the  cut 
of  the  separate  tips,  and  ink  the  exercise  freehand. 

Fig.  3 is  a sprig  of  oak  leaves  and  acorns  without  direct 
application  to  any  special  ornament,  and  P'ig.  5 shows  the 
grape  vine  in  the  same  general  way.  Both  examples  may 
be  regarded  as  detached  parts  of  an  arabesque.  The  use  of 
the  oak  leaf  and  vine  was  limited  and  more  symbolical  than 
ornamental  in  classic  architecture;  but  in  the  arabesques  of 
the  Italian  style  and  in  modern  classical  compositions,  the 
leaf  of  the  sturdy  oak  and  the  tendrils  of  the  running  vine 
occur  more  frequently,  and  often  side  by  side  in  the  same 
ornament.  It  is,  however,  in  the  Gothic  style  that  the  oak 
and  vine,  with  the  lily  and  the  ivy,  find  their  true  sphere  of 
ornamental  employment,  since  these  forms  lend  themselves 
especially  well  for  naturalistic  treatment. 

In  drawing  Figs.  3 and  5,  the  student  will  proceed  as  with 
previous  examples;  avoid  the  small  details  at  first,  and  draw 
the  compositions  in  their  general  lines  and  movement  before 
attempting  the  minor  accessories.  Although  apparently 
intricate,  the  student  will  find  these  exercises  less  difficult 
than  the  strictly  symmetrical  leafwork  and  the  clean-cut 
shapes  and  scrolls  of  some  preceding  examples. 

Fig.  4 represents  a shell  ornament,  generally  designated 
by  the  French  name  cartouclie.  Although  appearing  in  a 
limited  way  in  Roman  and  Italian  architecture,  this  class  of 
ornament  can  be  called  specifically  French,  from  the  exten- 
sive employment  and  magnificent  development  it  received 
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in  French  styles  of  decoration.  It  is  used  much  like  the 
palmette,  as  a crowning  ornament  or  as  an  important  feature 
of  arabesques,  or  the  running  ornamentation  of  friezes.  In 
inking  this  figure,  the  lines  of  the  ribs  may  be  put  in  with 
the  curve. 

Fig.  6 is  a Roman  example  of  rich  molding  decoration  of 
the  water-leaf  pattern,  and  Fig.  7 is  what  is  known  as  the 
egg-and-dart  ornament  often  carved  on  classic  moldings. 
These  figures  may  be  drawn  and  inked  on  the  construction 
lines,  as  shown. 

1<>.  Conclusion. — Though  the  exercises  in  this  branch 
of  the  course  of  study  end  herewith,  additional  practice  in 
ornamental  drawing,  and  information  about  ornament,  is 
furnished  in  the  section  on  Advanced  Architectural  Draw- 
ing. The  subject  will  be  still  more  fully  discussed  in  the 
sections  treating  on  the  architectural  styles  and  the  principles 
of  design. 

This  subject  brings  the  student  to  that  part  of  his  course 
which  is  purely  architectural.  He  should  now  be  able  to 
reproduce  any  ornamental  form  he  desires,  and  should  con- 
stantly practice  the  sketching  of  natural  objects,  such  as 
leaves,  flowers,  trees,  feathers,  etc.,  rendering  them  at  first 
in  their  most  natural  form,  and  reducing  them  subsequently 
to  conventionalized  lines,  where  the  construction  is  geo- 
metrical and  systematic,  but  where  the  distinguishing  char- 
acteristics of  the  original  object  are  fully  portrayed. 

To  make  this  more  clear,  take,  for  example,  the  oak  leaf. 
A sketch  of  this  object  will  show  a long,  somewhat  oval  leaf, 
with  deep  rounded  indentations,  and  rounded  lobes.  When 
a conventionalized  oak  leaf  is  drawn,  these  characteristics 
must  be  preserved.  The  enclosing  construction  lines  may 
be  elliptical,  and  the  indentations  must  be  deep  and  round, 
though  the  halves  of  the  figure  are  duplicated  on  the  opposite 
side  of  a center  line.  In  the  same  way  the  pointed  lobes  of 
the  maple  leaf,  and  the  trumpet  shape  of  the  morning  glory, 
must  be  retained  in  the  conventionalized  design,  as  distin- 
guishing characteristics  of  the  original  type. 
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DRAWING 


INTRODUCTION 

1.  In  Architectural  Drawing , the  examples  treated  in 
the  plates  could  be  executed  entirely  with  the  instruments, 
and  consisted  of  such  plans  and  details  as  constitute  the 
larger  part  of  architectural  office  practice. 

The  subjects  treated  in  this  section  will  consist  of  archi- 
tectural features  that  will  involve  both  freehand  and  instru- 
mental drawing,  giving  the  student  an  opportunity  of  exhib- 
iting the  progress  he  has  made  in  ornamental  drawing,  and 
imparting  to  him  a knowledge  of  the  application  of  ornament 
in  architectural  design. 

The  plates  to  be  drawn  from  this  paper  are  to  be  the 
same  size  as  those  of  the  previous  ones,  viz.,  13  in.  X 17  in. 
inside  the  border  lines.  No  part  of  a drawing  should  be 
inked  in  before  the  whole  drawing  has  been  finished  in 
pencil,  as  was  explained  in  detail  in  Geometrical  Drawing; 
and  all  the  dimensions  and  dimension  lines,  as  well  as  the 
shade  lines  and  headings,  should  be  shown,  but  the  refer- 
ence letters  may  be  omitted  entirely. 


TIIE  ORDER 

2.  An  order  in  architecture  is  the  term  applied  to  the 
system  used  by  the  architects  of  the  classic  period  to  propor- 
tion the  various  parts  and  details  of  their  buildings.  There 
are  five  of  these  orders — the  Tuscan,  Doric,  Ionic,  Corin- 
thian, and  Composite — each  of  which  possesses  distinguishing 
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characteristics  of  form  and  proportion,  which  will  be  pointed 
out  in  the  explanation  of  the  following  plates,  while  the  com- 
plete analysis  of  the  orders  and  their  details  will  be  discussed 
in  Architectural  History  and  Design. 

The  Doric,  Ionic,  and  Corinthian  orders  were  originated  by 
the  Greeks,  and  the  first  three  of  the  following  eight  plates 
will  exhibit  the  orders  in  their  early  Greek  form.  The  next 
five  plates  will  show  the  Roman  modification  of  these  orders, 
together  with  two  additional  orders,  which  are  of  purely 
Roman  invention,  namely,  the  Tuscan  and  the  Composite. 
These  five  orders,  or  systems  of  proportion,  are  of  the  utmost 
importance  to  the  student,  as  they  furnish  him  with  a set  of 
rules  by  which  he  may  determine  the  relations  that  should 
exist  between  certain  parts  and  details  of  a building.  These 
rules  are  subject  to  slight  variations  in  modern  works,  but 
are  positive  so  far  as  their  applications  to  the  original  orders 
are  concerned. 

All  the  orders  consist  essentially  of  three  principal  divi- 
sions; namely,  the  stylobate,  the  column,  and  the  entab- 
lature. The  stylobate  is  that  portion  of  an  order  which 
forms  the  substructure,  or  foundation  on  which  the  column 
or  columns  stand,  and  is  usually  disposed  so  as  to  distribute 
the  load  transmitted  by  the  column  over  a larger  area  than 
is  represented  by  the  section  of  the  column  itself.  The  col- 
umn consists  of  the  shaft  or  pier  which  supports  the  super- 
structure, and  is  usually  possessed  of  an  ornamental  base 
and  capital,  which  are  details  that  differ  widely  in  the  sev- 
eral orders,  as  will  be  explained  as  they  are  met  with  in  the 
following  exercises.  The  entablature  is  the  superstructure 
proper.  It  consists  of  three  principal  divisions,  called  the 
architrave,  frieze,  and  cornice,  each  of  which  serves 
a particular  purpose,  both  structural  and  ornamental,  as 
explained  further  on. 

As  the  three  Greek  orders  were  the  original  systems,  the 
student  will  first  make  drawings  of  them,  and  it  is  suggested 
that  he  pay  particular  attention  to  the  explanations  given  in 
the  text,  so  that  the  drawing  of  the  subsequent  Roman  orders 
and  their  details  may  be  fully  understood. 
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DRAWING  PLATE,  TITLE:  GRECIAN  DORIC 

3.  The  Doric  is  the  most  ancient  of  the  three  Grecian 
orders,  and  represents  the  system  of  columnar  construction 
in  its  simpler  form.  In  Fig.  3 of  this  plate,  A shows  the 
stylobate  of  the  order  disposed  in  three  equal  steps,  so  as  to 
spread  the  foundation  area  of  the  structure.  B is  the  shaft 
of  the  column,  and  C is  the  capital.  (The  Grecian-Doric 
column  has  no  base.)  D is  the  architrave,  which  consisted 
in  the  early  Greek  structures  of  a number  of  lintels  or  stone 
beams,  extending  from  the  top  of  one  column  to  the  top  of 
the  next.  E is  the  frieze,  which  was  occupied  by  a number 
of  stone  ceiling  beams  or  flat  slabs,  which  rested  their  ends 
on  the  lintels  of  the  architraves  and  formed  the  direct  ceiling 
on  the  inside  of  the  structure.  F,  the  cornice,  was  the  roof 
construction  proper,  and  consisted  of  stone  details  built  above 
the  frieze  to  cover  the  ends  of  the  roof  beams  and  to  provide 
a suitable  finish  to  the  eaves.  The  general  effect  of  these 
details,  when  assembled  in  the  complete  order,  is  shown  in 
the  perspective  sketch,  Fig.  1,  of  the  text. 

The  column  of  the  order  shown  in  this  plate  is  24  inches 
in  diameter,  and  is  drawn  to  a scale  of  1\  inches  = 1 foot,  as 
are  all  of  the  following  plates  of  the  orders;  but  the  l-|~inch 
scale  is  not  used  to  proportion  the  various  details,  as  the 
diameter  of  the  column  is  the  governing  measurement,  and 
in  architectiiral  orders  the  members  are  proportioned  in  their 
ratio  to  the  diameter  of  the  column,  according  to  an  arbitrary 
scale  of  modules  and  parts,  as  explained  further  on. 

The  term  module  is  a diminutive  of  the  Latin  modus , 
meaning  “a  measure”;  and  in  the  architectural  orders  the 
module  is  in  nearly  all  cases  equal  to  one-half  of  the  diameter 
of  the  column.  The  diameter  of  the  column  in  this  plate 
being  24  inches,  the  module  is  12  inches.  The  module  is 
divided  into  30  subdivisions,  called  parts , and  a dimension 
of  2 modules  and  15  parts  would,  on  this  plate,  be  equiva- 
lent to  2 feet  6 inches.  In  the  following  descriptions  of  the 
orders,  the  terms  “modules”  and  “parts”  will  be  abbreviated 
to  “m.”  and  “p. ,”  in  order  that  the  text  may  correspond 
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more  closely  with  the  expressed  measurements  on  the 
drawing-  plate,  and  that  there  may  be  no  confusion  with 
regard  to  the  word  “parts”  when  it  is  used  in  a more  gen- 
eral sense.  Begin  this  plate  by  constructing  a scale  of  mod- 
ules as  shown.  Draw  a line  G inches  in  length  and  f-  inch 
above  the  lower  border  line.  Divide  this  line  into  4 equal 
parts  of  1 m.  each,  and  subdivide  the  first  part  into  30  p., 
as  shown.  Now  draw  Fig.  1,  which  is  a plan  of  the  column 
and  stylobate;  locate  the  lines  of  the  upper  step,  each  f inch 
from,  and  parallel  to,  the  bor- 
der lines;  draw  a b and  c d, 
the  axial  lines  of  the  plan  of 
the  column,  each  at  a distance 
of  1 m.  2 p.  from  the  lines  of 
the  upper  step  of  the  stylo- 
bate, and  on  their  point  of 
intersection  as  a center,  and 
with  a radius  of  1 m.,  draw  a 
circle  defining  the  circumfer- 
ence of  the  shaft.  The  sur- 
face of  the  shaft  is  grooved 
perpendicularly  by  the  20 
flutes,  or  channels,  each  of 
which  is  cut  to  an  elliptical 
curve,  as  shown  in  the  plan. 

The  plan  of  the  column  must 
therefore  be  divided  into  20 
equal  parts,  bylines  radiating 
from  its  center.  Each  pair 
of  these  lines  will  embrace  of  the  circumference  of  the 
circle  defining  the  plan  of  the  column,  or  18°,  and  the  lines 
will  pass  through  the  arrises,  or  sharp  edges  projecting 
between  the  flutes. 

Before  drawing  these  elliptical  flutes  in  the  plan  of  the 
column,  the  student  should  draw,  on  a separate  piece  of 
paper,  Fig.  2 in  the  text,  which  is  an  enlarged  plan  of  one 
of  the  flutes,  showing  the  method  of  striking  its  curve.  At 
add  of  Fig.  2 is  shown  the  form  of  the  channel  at  the  bottom 
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of  the  shaft;  and  at  a' d'  b' , the  form  of  the  same  channel 
at  the  necking.  Let  pq  and  r s be  the  arcs  of  the  lower  and 
upper  sections  of  the  shaft,  respectively,  and  lay  off  accurately 
ab  and  a'  b'  equal  to  of  the  circumference.  Draw  the 
chords  ab  and  a' b'  and  the  center  line  inn,  cutting  the 
chords  a b and  a'  b'  at  c and  c'.  For  the  depth  c d of  the  chan- 
nel at  the  base,  divide  ab  into  7 equal  parts,  and  make  cd 
equal  to  one  of  these  parts;  for  the  depth  c’ d’  at  the  necking, 
divide  ar b'  into  G equal  parts,  and  make  c’ d’  equal  to  one  of 
these  parts.  The  depth  of  the  channel  at  the  necking  is 
therefore  greater,  in  proportion  to  its  width,  than  at  the 
bottom  of  the  shaft.  To  fina  the  centers  of  the  three  arcs 
that  compose  the  curve  a d b,  construct,  upon  a b as  a base, 
the  equilateral  triangle  a o b,  and  bisect  the  angles  aod  and 
dob  by  the  lines  oc  and  of.  The  point  o will  then  be  the 
center  of  the  arc  edf  Join  fb,  and  at  its  middle  point  g 
erect  a perpendicular  pi,  cutting  of  at  l ; the  point  / is  the 
center  for  the  arc  f g b ; the  center  k of  the  arc  a e is  similarly 
found.  The  centers  o’,  k’ , l’  for  the  arc  af  d’  b'  are  determined 
in  precisely  the  same  manner  as  described  for  the  arc  a d b. 

Now  draw  Fig.  3,  locating  the  center  line  ab  4|-  inches 
from,  and'parallel  to,  the  left-hand  border  line;  and  at  right 
angles  to  a b draw  c d,  the  bottom  line  of  the  stylobate, 
f inch  above  the  lower  border  line;  then  lay  off  from  c d,  on 
a b,  the  measurements  of  the  principal  divisions  of  the  order, 
and  draw  horizontal  lines  defining  these  divisions.  Lay  off 
each  side  of  a b,  on  the  top  step  of  the  stylobate,  1 m. , and 
dot  the  perpendicular  lines  defining  the  extreme  diameter  of 
the  column,  as  shown.  On  the  lower  line  of  the  architrave  D , 
lay  off  each  side  of  a b 32  p. , and  draw  perpendicular  lines 
down  from  the  bottom  of  the  architrave,  till  they  inter- 
sect with  a horizontal  line  drawn  11  p.  below.  These  will 
define  the  elevation  of  the  abacus,  or  square  block  on  the 
top  of  the  capital  of  the  column.  The  diameter  of  the 
column  is  less  at  the  top  than  at  the  bottom,  and  the  sides 
of  the  column  are  curved  in  profile  from  the  base  to  the 
neck  of  the  capital ; but,  as  the  full  length  of  the  column  is 
not  shown,  the  method  of  profiling  this  curved  outline  will 
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not  be  described  at  present.  When  the  drawing  of  the 
Roman  orders  is  explained,  this  curved  outline  of  the  shaft 
will  be  discussed,  and  the  method  of  describing  it  will  be 
shown  in  detail.  Draw  the  outside,  or  return,  lines  of  the 
architrave  and  frieze  28t3q  p.  to  the  right  of  the  center  line  a b. 
Then,  2G§  p.  from  the  return  line  of  the  frieze,  draw  the 
perpendicular  line  defining  the  width  of  the  triglypli, 
which  is  the  ornamental  block  set  in  the  frieze  over  each 
column  and  over  each  space  between  the  columns.  The 
triglyphs,  in  the  early  construction,  consisted  of  the  ends  of 
the  ceiling  beams  which  rested  on  the  architrave.  Draw 
this  triglyph  at  the  extremity  of  the  frieze  according  to  the 
measurements  given,  and  duplicate  it  as  shown,  1 in.  lOf  p. 
to  the  left.  The  space  between  two  triglyphs  is  called  a 
metope,  and  in  nearly  all  examples  of  Greek  architecture 
the  metopes  are  filled  with  a carved  slab.  Immediately 
over  the  triglyphs  and  metopes  are  the  mutules,  with  six 
little  drops,  or  guttse,  as  they  are  called,  on  the  under  side. 
The  mutules  are  not  level  on  the  soffit,  but  pitch  upwards, 
as  seen  on  the  return  of  the  cornice,  where  the  mutule  is 
shown  in  side  elevation.  These  mu- 
tules represent  the  under  side  of  the 
slanting  roof  beams  as  they  existed 
in  the  early  wood  construction,  and 
the  guttae  are  derived  from  the 
wooden  treenails,  or  pins,  which  held 
these  members  in  place.  Draw  the 
corona,  which  is  the  broad  band  of 
the  cornice,  and  above  it  draw  the 
molding,  and  also  the  palmettes  which 
are  centered  over  each  mutule.  Draw 
the  lion  head  and  echinus  at  the  return 
line,  carefully  following  the  measure- 
ments given  on  the  drawing  plate. 

Now  draw  Fig.  2,  which  is  an  ele- 
vation of  the  details  of  the  capital, 
four  times  the  scale  of  Fig.  3.  Draw  e f in  line  with  the 
right-hand  side  of  the  stybolate  in  Fig.  1,  and  locate  ge,  the 
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upper  line  of  the  abacus,  11 J inches  above  the  lower  border 
line.  Draw  the  abacus  11  p.  deep.  Before  profiling  the 
echinus  B and  the  curve  of  the  shaft  at  D,  both  of  which 
are  ares  of  hyperbolas,  the  student  should  give  his  attention 
to  Fig.  ;>  in  the  text,  which  is  a method  of  describing  a 
hyperbolic  curve. 

Lay  off  a'  b'  0 p.  long,  and  upon  a'  b'  as  an  axis,  construct 
the  rectangle  cdef , marking  off  a'  c 8 p.  long.  Produce 
a'  b'  to  making  b'  n'  If  p.  long.  Divide  a'  c and  A/ into 
any  convenient  number  of  equal  parts,  as  at  1,  2,  3,  etc.,  and 
divide  cd  and  f e into  the  same  number  of  equal  parts,  as  at 
1' , 2 3',  etc.  Join  n'  1 and  b'  1',  and  their  intersection  will 
be  a point  of  the  required  curve.  Other  points  in  the  curve 
of  the  hyperbola  are  similarly  found,  by  drawing  the  inter- 
secting lines  n'  2,  b'  2' ; n'  3,  b'  3' , etc. 

To  draw  the  curve  at  CD,  Fig.  2,  construct  the  rectangle 
c' d'  e'  f in  its  oblique  position,  according  to  the  measure- 
ments given,  and  inscribe  the  hyperbola  according  to  the 
method  above  described. 

The  dotted  line  of  this  second  curve  shows  the  profile  of 
the  curve  of  the  neck  before  the  cutting  of  the  channels;  or, 
what  is  the  same  thing,  the  dotted  line  C D , with  its  down- 
ward continuation  E,  gives  the  true  profile  of  the  shaft  on 
an  axis  passing  through  two  opposite  arrises,  or  edges, 
between  the  channels.  The  straight  portion  of  this  line  at 
E shows,  therefore,  the  extreme  size  of  the  shaft  at  the  neck- 
ing, and  from  it  the  various  projections  are  figured. 

As  may  be  seen,  part  of  the  hyperbola  last  drawn  deter- 
mines the  projection  of  the  outer  faces  of  the  annulets,  or 
rings,  around  the  neck  of  the  capital  at  C.  These  annulets 
should  project  about  \ p.  from  the  surface  of  the  echinus; 
hence  this  projection,  or  the  distance  between  the  two  hyper- 
bolic curves  at  C,  will  form  a check  upon  the  accuracy  of  the 
drawing. 

The  full-line  profile,  just  within  the  dotted  line  c d e,  is  the 
projection  of  the  edges,  or  arrises,  of  the  channel  whose 
center  is  upon  the  axis  c d of  Fig.  1,  parallel  to  the  face  of 
the  abacus. 
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The  distance  between  the  real  and  projected  profile  lines 
just  considered  is  represented,  in  Fig-.  2 of  the  text,  by  the 
distance  between  the  arc  a'  b'  and  the  chorda  c'  b'.  The  inner 
dotted  line,  passing  near  the  point  e on  Fig.  2 of  drawing 
plate,  gives  the  depth  of  the  channel  at  its  center;  this  depth 
is  likewise  represented,  in  Fig.  2 of  text,  by  the  distance  c' d' . 

Now  complete  the  capital  of  the  column  in  Fig.  3,  drawing 
the  echinus  according  to  the  method  described  for  Fig.  2; 
then  draw  Fig.  4,  which  is  a half  plan  of  the  under  side  of  the 
capital.  Locate  the  center  line  g h 4|-  inches  above  the  lower 
border  line ; draw  the  flutes  as  shown,  describing  their  curves 
from  centers  found  according  to  the  methods  explained  for 
Fig.  2 in  the  text.  Project  the  lines  of  these  flutes  to  the 
upper  part  of  the  column  in  Fig.  3,  and  project  the  lines  of 
the  flutes  in  Fig.  1 to  the  center  line  c d,  from  which  their 
spacing  may  be  marked  on  a strip  of  paper  and  transferred 
to  the  lower  part  of  the  column  in  Fig.  3.  Now  finish  Fig.  3 
entirely,  and  commence  Fig.  5,  which  is  a section  through 
the  frieze  looking  upwards,  showing  the  soffit  of  the  corona; 
draw  the  axial  lines  ab  and  cd  3^  inches  and  4 inches, 
respectively,  from  the  border  lines;  mark  points  locating, 
and  draw  lines  defining,  the  various  members  of  the  corona, 
according  to  the  measurements  given  in  Fig.  3;  then  locate 
and  draw  the  triglyphs  and  guttae,  and  draw  the  anthemion 
ornament  and  lion  head  freehand. 


DRAWING  PLATE,  TITLE:  GRECIAN  IONIC 

4.  In  this  plate,  showing  the  details  of  the  Grecian-Ionic 
order,  the  stylobate  is  shown  at  A ; the  base,  shaft,  and  capital 
of  the  column  at  D,  6,  and  D,  respectively;  and  the  archi- 
trave, frieze,  and  cornice  of  the  entablature  at  E,  F,  and  G. 
A perspective  view  of  the  order  is  shown  in  Fig.  4 of  the  text. 

The  scale  to  which  this  plate  is  to  be  drawn  is  the  same  as 
for  the  previous  plate,  viz.,  11  inches  = 1 foot,  but  the  col- 
umn being  but  22|  inches  in  diameter,  the  module  will  be  only 
lli- inches.  Construct  a scale  of  modules  on  a line  f inch 
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above,  and  parallel  to,  the  lower  border  line,  making  it  4 in. 


m length,  and  dividing  the 
first  module  into  30  p. , as 
was  done  on  the  previous 
plate.  Now  draw  the  cen- 
ter line  a b at  a distance  of 
4-y3g  inches  from,  and  parallel 
to,  the  left-hand  borderline, 
and  draw  the  lower  line  of 
the  stylobate  c d,  f inch 
above  the  lower  border  and 
at  right  angles  to  the  line  a b ; 
draw  e f,  the  bed  line  of  the 
architrave,  9f  inches  above 
the  lower  border  line. 

On  the  center  line  a b lay 
off  a number  of  points  from 
the  measurements  given, 
locating  the  position  of  the 
horizontal  lines  of  the  base, 
capital,  and  entablature  ; 
locate  the  centers  of  the 
arcs,  and  profile  the  mold- 
ings of  the  base,  omitting 
for  the  present  the  fluting  of 
the  shaft,  though  the  sides 
and  apophygc  may  be  shown. 
Apopliyge  is  the  term  given 
to  the  curved  expansion 
from  the  side  of  the  column 
where  it  joins  the  base,  as 
shown  at  k.  Now  pro- 
ceed with  the  entablature, 
drawing  the  three  facias 
of  the  architrave  and  the 
moldings  crowning  them — 
carefully  profiling  these 
moldings  according  to  the 
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measurements  given,  but  omitting,  for  the  present,  the  orna- 
ment on  the  cyma  reversa.  The  frieze  in  this  order,  it  will 
be  observed,  is  a plain  band,  devoid  of  any  triglyphs  or  met- 
opes, as  in  the  Doric,  while  the  corona  consists  of  a group  of 
simple  moldings,  elaborated  with  surface  ornament.  Care- 
fully draw  these  details,  profiling  their  outline  where  they 
project  at  the  return  of  the  entablature,  but  omitting  the 
ornament  imtil  the  outlines  of  the  other  figures  on  the  plate 
are  complete. 

The  capital  D is  the  most  complicated  feature  of  the  Ionic 
order.  It  consists  essentially  of  a contracted  echinus  and  a 


small  torus,  over  which  the  volutes , or  spirals,  are  turned, 
forming  the  distinctive  characteristic  of  the  order.  A neck- 
ing under  the  capital,  which  is  usually  decorated  with  carved 
ornament,  is  separated  from  the  shaft  of  the  column  by  a 
narrow  fillet,  or  bead  molding,  called  the  astragal.  Before 
drawing  the  capital,  the  student  should  practice  the  volute  on 
a separate  piece  of  paper  until  he  becomes  familiar  with  the 
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mathematical  system  of  its  lines.  In  Art.  14,  Ornamental 
Drawing , a method  of  laying  out  the  construction  lines  for 
the  volute  is  given,  the  curve  being  drawn  freehand.  In 
Fig.  5 of  the  text,  the  lines  a b,  b c,  and  c d are  laid  off  in  the 
proportion  of  0^  to  5^-  to  4^-,  and  for  the  convenience  of  this 
proportion  a b is  divided  into  52  equal  parts;  be  will  then  be 
44  of  these  parts,  and  cd  30  parts  in  length.  The  lines 
dc , ef  fg,  gh,  etc.  are  all  laid  off  in  the  same  manner  as 
were  corresponding  lines  of  the  volute  described  in  Art.  14, 
which  gives  dc  31  parts;  ef , 20  parts;  fg,  22  parts;  g/i, 
18  parts;  etc.  as  is  then  drawn  at  an  angle  of  45°  with 
ab , and  b x,  c y , and  d w are  also  drawn,  each  at  an  angle  of 
45°  with  the  line  from  whose  extremity  it  starts.  The  inter- 
sections of  these  four  lines  will  form  a square  wy  x z.  The 
line  x z is  then  bisected  at  o,  and  the  arc  1-2  is  drawn  with 
the  radius  o 1.  The  line  xy  is  then  bisected  at  /,  and  the 
arc  2-3  is  described  with  the  radius  p2.  The  lines  y w and 
zu  z are  then  bisected  in  r and  s,  and  the  arcs  3-4  and  lf.-5 
are  described  in  the  radii  r3  and  sf  This  completes  the 
first  convolution  of  the  spiral. 

The  second  convolution  is  described  in  precisely  the  same 
manner,  by  forming  another  square  at  the  intersection  of 
the  four  lines  drawn  at  an  angle  of  45°  from  e,  f,  g,  and  h , 
and  the  third  and  last  convolution  is  described  from  the 
square  formed  at  the  center,  by  lines  drawn  at  45°  from 
i,  k,  /,  and  in.  The  radius  of  the  eye , or  central  disk,  is  then 
obtained  by  dividing  the  distance  from  the  finish  of  the  last 
arc  at  j to  the  point  1 , the  start  of  the  first  arc,  into  8 equal 
parts.  With  one  of  these  parts  as  a radius,  and  with  a center 
on  the  line  rj , a circle  is  then  drawn  which  is  tangent  to  the 
last  arc  at  j. 

The  bands  q are  drawn  by  setting  off  their  dimensions 
on  the  line  o 1 as  at  ql  and  dividing  the  distance  q 1 into 
11  equal  parts.  The  width  of  the  band  at  2 will  be  10  of  these 
parts,  and  at  3 it  will  be  9 parts,  and  so  on  all  the  way  round 
until  the  bands  become  tangent  at  j.  To  draw  the  bauds, 
place  one  leg  of  the  compass  at  o and  set  the  pencil  point 
for  the  radius  oq,  then,  with  a center  on  the  line  ot,  and  a 
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radius  oq,  describe  the  quadrant  qt\  then,  with  a center  on 
the  line  p u,  and  a radius  p t,  describe  the  arc  t u,  and  so  on 
to  the  completion  of  the  bands. 

Having  drawn  the  volute  on  a separate  sheet  of  paper,  and 
to  a large  scale,  proceed  to  draw  it  on  the  plate.  Lay  off 
below  ef '4T%  p.  for  the  thickness  of  the  abacus,  and  draw  a 
horizontal  line ; perpendicular  to  this  line,  and  444  p.  from 
the  center  line  a b,  draw  the  first  construction  line  of  the 
volute  35  p.  in  length.  Then  proportion  the  lines  in  the 
ratio  of  6|-  to  5^-  to  4^-,  which  will  make  the  first  three 
approximately  35  p. , 30  p.,  and  24  p.  ; and,  proceeding  as 
described  for  Fig.  5,  complete  the  construction  lines  of  the 
volute,  on  both  sides  of  a b.  Then  draw  in,  on  the  right- 
hand  side,  the  curves  of  the  volute  and  its  bands. 

Where  these  bands  dip  down  at  the  center  of  the  capital,  a 
number  of  points  should  be  laid  off  according  to  the  scale  of 
modules,  and  the  curves  first  sketched  freehand  and  after- 
wards strengthened  with  the  irregular  curve.  The  egg-and- 
dart  ornament  on  the  echinus,  and  the  guilloche  on  the 
torus,  may  now  be  drawn  in  between  the  volutes,  and  the 
egg-and-dart  on  the  echinus  and  water-leaf  ornament  on  the 
cymas  of  the  entablature.  The  cyma  reversa,  shown  in 
dotted  lines  under  the  corona  of  the  cornice,  is  so  drawn 
because  it  is  undercut , or  recessed,  behind  the  lower  face  of 
the  corona,  and  is  therefore  not  seen  on  the  elevation  of  the 
order,  though  it  appears  in  the  perspective,  Fig.  4,  as  the 
view  of  the  cornice  is  there  taken  from  below.  Now  proceed 
with  Fig.  2,  which  is  a half  plan  of  the  column,  looking 
upwards.  Draw  ij  at  right  angles  to  a b,  and  4^  inches 
above  the  lower  border  line.  With  a center  on  the  point  of 
intersection  of  ij  and  a b,  and  with  a radius  of  25  p.,  draw  a 
semicircle,  as  shown.  Divide  the  circumference  of  this  semi- 
circle into  12  equal  parts,  and  on  each  of  these  points  of 
division  as  a center,  and  with  a radius  of  2f  p.,  describe 
a semicircle,  which  will  be  the  plan  of  the  flutes,  while  the 
spaces  between  these  semicircles,  where  they  intersect  the 
circumference  of  the  shaft,  will  be  the  fillets  between  the 
flutes.  Now  project  the  lines  of  these  flutes  to  the  elevation 
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of  the  capital  and  neck  of  the  column,  and  draw  their  semi- 
circular finish  against  the  fillet  under  the  column  neck. 
To  draw  the  flutes  on  the  section  of  the  shaft  immediately 
over  the  base,  it  will  be  necessary  first  to  draw  Fig.  6,  which 
is  a half  plan  of  the  column  and  base.  Draw  the  line  cd 
3 inches  above,  and  parallel  to,  the  lower  border  line,  and  at 
right  angles  to  c d draw  a b 2f  inches  from  the  right-hand 
border  line.  On  the  intersection  of  a b and  c d as  a center, 
and  with  a radius  of  1 m.r  draw  the  semicircular  outline  of 
the  column;  divide  the  circumference  of  this  semicircle  into 
12  equal  parts,  and  with  the  points  of  these  divisions  as 
centers,  and  a radius  of  3|  p. , draw  the  semicircular  flutes 
and  the  fillets  between  them.  Then  draw  the  plan  of  the 
moldings  according  to  the  measurements  given  in  Fig.  1, 
and  the  plan  of  the  stylobate,  which  extends  p.  beyond 
the  lower  torus  of  the  base.  Project  the  lines  of  the  flutes 
and  fillets  to  c d,  and  transfer  their  position  to  the  lower 
section  of  the  column  in  Fig.  1.  Now  complete  the  flutes 
and  fillets  in  Fig.  I,  drawing  their  finish  on  the  apophyge 
of  the  shaft,  partly  with  the  bow-pencil  and  partly  freehand, 
as  the  case  may  require.  Return  to  Fig.  2,  and  draw  the 
under  side  of  the  capital  as  shown.  The  portions  of  the 
volutes  seen  in  the  elevation  are  here  observed  to  be  but 
2-j  p.  in  thickness,  while  the  material  behind  the  volu-te  is 
hollowed  out  towards  the  shaft,  and  is  ornamented  with 
rows  of  bead  molding  and  fillets.  This  portion  of  the  capi- 
tal is  called  the  bolster , and  its  appearance  in  section,  on 
the  line  ij , may  be  seen  in  Fig.  4,  while  a section  through 
the  capital  between  the  volutes  on  the  line  a b is  shown 
in  Fig.  5. 

Now  draw  Fig.  3,  which  is  a side  elevation  of  the  capital, 
showing  the  bolster.  Draw  the  center  line  a b at  a distance 
of  2T3g  inches  from,  and  parallel  to,  the  right-hand  border 
line.  Project  from  Fig.  1 the  horizontal  lines  of  the  abacus, 
and  the  locations  of  the  small  torus,  echinus,  and  fillet  of  the 
capital,  which  show  on  the  front  elevation  between  the  volutes. 
Project  also  the  lines  defining  the  depth  of  the  volutes  and 
the  fillet  immediately  under  the  bead  molding.  On  this 
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fillet  line  lay  off,  on  each  side  of  the  center  line  a b,  a dis- 
tance of  24  p.,  and  on  ab  each  side  of  the  fillet  line  lay  off 
71  p.  ; then  construct  an  ellipse  48  p.  long-  and  15  p.  wide,  as 
shown.  This  ellipse  will  define  the  outline  of  the  bottom  of 
the  bolster.  Draw  the  bead  moldings  on  the  bolster  accord- 
ing to  the  measurements  given  in  Fig.  2,  and  complete 
the  figure. 

Now  draw  Figs.  4 and  5.  The  lines  defining  the  depths 
of  the  members  on  Fig.  4 should  be  projected  from  Figs.  1 
and  2,  and  the  projection  of  these  members  from  the  center 
of  the  column  may  be  obtained  from  Fig.  2.  The  face 
line  of  the  column  is  shown  in  Fig.  4 at  k'  l' , and  in  Fig.  5 
at  k l.  The  heights  of  the  moldings  on  this  line  may  be 
scaled  from  Fig.  1 or  transferred  by  means  of  a strip  of 
paper.  The  projection  of  the  abacus,  torus,  and  echinus 
may  be  obtained  from  Fig.  3,  but  the  other  details  should 
be  scaled  from  the  figure  itself. 

Now  draw  Fig.  7,  which  is  a plan  of  the  under  side  of  the 
entablature,  looking  upwards  from  a section  line  through  the 
frieze.  Draw  the  center  line  a b at  a distance  of  inches 
from  the  right-hand  border  line,  and  at  right  angles  to  ab 
draw  c d 4yg  inches  from  the  upper  border  line.  With  the 
point  of  intersection  of  these  lines  as  a center,  and  with  a 
radius  of  25  p.,  draw  a circle,  which  will  be  the  plan  of  the 
top  of  the  shaft  of  the  column  ; then  measure  off  on  a b 27T1-0-p. 
above  c d,  and  measure  off  on  c d 27Ty  p.  to  the  right  of  ab\ 
through  the  points  so  located  draw  a horizontal  and  a vertical 
line  to  define  the  projection  of  the  frieze.  Then,  from  the 
frieze  line  measure  off  the  projections  of  the  various  mem- 
bers of  the  cornice,  and  draw  lines  defining  these  members. 
Draw  the  miter  lines  where  the  cornice  members  intersect 
at  the  angle,  and  complete  the  figure. 

Now  proceed  to  draw  the  ornamentation  of  the  mold- 
ings of  all  the  figures,  cross-hatch  the  parts  shown  in  sec- 
tion, and  complete  the  plate,  carefully  inserting  all  the 
dimensions,  but  omitting  all  the  reference  letters,  except 
those  shown  in  capitals,  which  refer  to  the  main  subdivisions 
of  the  order. 
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DRAWING  PLATE,  TITLE:  GRECIAN  CORINTHIAN 

5.  On  this  plate  the  stylobate  is  omitted,  and  A,  B, 
and  C show  the  base,  shaft,  and  capital  of  the  column,  while 
D,  E,  and  F are  the  architrave,  frieze,  and  cornice  of  the 
entablature.  The  plate  is  to  be  drawn  to  a scale  of 
11  inches  = 1 foot,  and  the  diameter  of  the  column  being 
15  inches,  the  module  is  consequently  inches  in  length. 
The  column  is  much  more  slender  than  the  Doric  or  Ionic, 
and  the  capital  is  higher  and  more  richly  ornamented,  as 
may  be  seen  in  Fig.  G of  the  text,  though  the  entablature  is 
but  slightly  modified  from  the  Ionic.  Construct  a scale  of 
modules,  as  shown  on  the  plate,  locating  it  p5g  inch  above 
the  lower  border  line,  and  1^  inches  from  the  left-hand  bor- 
der line.  Commence  Fig.  1,  the  elevation  of  the  order,  by 
drawing  the  center  line  ab  at  a distance  of  4-1  inches  from, 
and  parallel  to,  the  left-hand  border  line.  Draw  the  lower 
side  of  the  base  c d \ inch,  and  the  under  side  of  the  archi- 
trave c f lOf  inches,  above  the  lower  border  line.  On  the 
center  line  ab  lay  off  a series  of  measurements  locating  the 
principal  divisions  of  the  column  and  entablature,  and  draw 
the  horizontal  lines  defining  them.  Profile  the  moldings  of 
the  base  according  to  the  measurements  given,  and  draw 
the  side  lines  of  the  shaft,  but  omit  for  the  present  the  flu- 
ting of  the  shaft.  Draw  the  abacus  of  the  capital  and  the 
three  facias  of  the  architrave,  observing  that  the  facias  do 
not  lie  in  perpendicular  planes,  but  incline  towards  the  inte- 
rior, so  that  the  outer  edge  of  each  is  on  the  same  perpen- 
dicular line  as  the  one  next  above  or  below.  Omit  for  the 
present  the  carving  on  the  frieze,  but  draw  the  moldings 
over  the  frieze  and  locate  the  dentils  in  the  cornice  accord- 
ing to  the  measurements  given.  Over  the  dentil  course  is 
a cyma,  and  above  this  the  corona;  draw  the  echinus  and 
fillet  above  the  corona,  and  locate  the  antefixa  and  cresting 
which  crown  the  entablature. 

Now  draw  Fig.  2,  which  is  a plan  of  the  capital  looking 
upwards.  Draw  the  center  line  a b (which  is  common  to 
Figs.  2,  3,  and  5)  at  a distance  of  2£  inches  from,  and  parallel 
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to,  the  right-hand  border  line, 


and  draw  g h off  inches  above 
the  lower  border  line.  From 
the  point  of  intersection  of 
these  lines,  and  with  a radius 
of  23-f  p. , draw  the  circular 
outline  of  the  bell  of  the  capi- 
tal, as  it  would  appear  in  sec- 
tion, at  the  top  of  the  first  row 
of  leaves;  and,  with  a radius 
of  1 m.  28f  p. , draw  a circle 
limiting  the  projection  of  the 
angles  of  the  abacus.  From 
the  intersection  of  this  cir- 
cle with  the  axial  lines  ab 
and  g h,  lay  off  the  width  of 
the  projecting  angles,  and 
draw  ij  and  kl  tangent  to 
the  circle  at  its  intersections 
with  the  axial  lines.  Then  ij 
and  kl  will  intersect  at  in. 
Now,  with  in  as  a center, 
and  a radius  of  1 m.  20f  p., 
describe  an  arc,  which  will  be 
one  of  the  sides  of  the  abacus, 
between  the  angles.  Draw 
this  arc  on  the  four  sides,  and 
then  increase  the  radius  and 
draw  the  arcs  of  the  mold- 
ings of  the  abacus.  Locate 
on  the  concave  sides  the  block 
outline  of  the  ornament  on 
the  abacus,  which  is  shown 
in  the  elevation,  Fig.  1,  to  the 
left  of  the  center  line  a b.  It 
will  be  observed  that,  while 
the  abacus  in  the  Doric  order 
is  simply  a square  slab,  and 
in  the  Ionic  order  a slab  with 
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molded  edges,  in  the  Corinthian  order  it  is  deeply  hollowed 
and  molded  on  its  sides,  and  its  angles  are  cut  off  on  straight 
lines  at  right  angles  to  the  axes. 

To  draw  Fig.  3,  which  is  an  elevation  of  the  capital,  from 
an  angular  point  of  view,  project  the  horizontal  lines  of  the 
abacus  from  Fig.  1,  and  its  breadth  across  the  angles,  from 
Fig.  2.  Draw  in  the  leaves  and  ornament  from  the  dimen- 
sions given.  The  foliated  ornament  on  the  Corinthian 
capital  consists  of  a number  of  caulis,  or  husks,  out  of  which 
the  caiiliculi,  or  twisted  stems,  spring,  forming  small  spirals 
or  volutes  at  the  sides  and  angles  of  the  abacus.  The  body 
of  the  capital  on  which  this  foliage  is  arranged  is  called  the 
bell , or  core.  Now  proceed  with  Fig.  4,  which  is  a plan  of 
the  capital  similar  to  Fig.  2,  but  taken  as  it  would  appear 
from  a section  through  the  shaft  of  the  column,  and  placed 
in  the  position  that  it  bears  to  the  elevation  in  Fig.  1.  Draw 
twenty-four  semicircular  flutes  in  this  plan,  leaving  a fillet 
between  each  pair  of  flutes,  equal  to  one-fourth  the  width 
of  the  flute,  and  project  the  lines  of  these  flutes  and  fillets 
to  Fig.  1,  as  shown.  It  will  be  observed  that  the  flutes  and 
fillets  terminate  in  leaf  forms  where  they  join  the  capital, 
and  that  the  central  vein  of  each  leaf  is  the  termination 
of  the  fillet;  also,  that  between  each  pair  of  leaves  another 
vein  extends  down  into  the  flute  itself.  Draw  these  veins 
in  the  flutes  shown  in  Fig.  4,  and  also  the  projection  of  the 
leaves  over  the  edges  of  the  fillets. 

Now  finish  the  foliage  in  the  capital,  Fig.  1,  laying  out  the 
design  in  a set  of  squares  if  desired,  and  drawing  the  leaf- 
work  freehand.  Draw  the  plan  of  the  base  as  shown  in  Fig.  5, 
locating  the  line  r s 2Tf \ inches  above  the  lower  border  line. 
On  the  intersection  of  a b and  r s as  a center,  and  with  a radius 
of  1 m.,  draw  the  circular  outline  of  the  shaft,  and  divide  it 
into  24  parts,  each  of  which  will  include  one  flute  and  one 
fillet.  Draw  twelve  of  these  flutes  and  fillets,  and  with  a strip 
of  paper  transfer  their  projection  to  Fig.  1 ; then  draw  the  ele- 
vation of  the  flutes  on  the  lower  part  of  the  column.  Draw 
the  circular  outlines  of  the  base  moldings  in  Fig.  5,  from  the 
measurements  given  in  Fig.  1,  and  the  square  plinth  under 
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the  base,  which  is  1^  p.  wider  on  each  side  than  the  lower 
torus  of  the  base. 

Draw  Fig.  6,  locating  the  line  a b 3%  inches  from  the  right- 
hand  border  line,  and  c d 3f  inches  from  the  upper  border 
line.  With  the  intersection  of  these  lines  as  a center,  and 
with  a radius  of  25  p.,  draw  the  circular  outline  of  the  top  of 
the  column.  Draw  the  extreme  lines  of  the  projection  of  the 
cornice,  2 m.  21  p.  from  the  center  lines,  and  locate  the  other 
members  of  the  cornice  from  the  dimensions  given  in  Fig.  1. 

Draw  the  carved  ornament  on  the  frieze  in  Fig.  1,  by  a 
system  of  squares,  cross-hatch  all  parts  shown  in  section, 
draw  the  dimension  lines  and  put  in  the  dimensions,  and 
complete  the  plate  as  shown. 


DRAWING  PLATE,  TITLE:  TUSCAN  ORDER 

(».  This  plate  shows  the  elevation  and  details  of  the  first 
of  the  Roman  orders.  There  are  five  of  these  orders,  and, 
although  they  vary  materially  from  their  Greek  prototypes, 
they  are  similar  to  them  in  their  principal  characteristics. 
The  Tuscan  order,  a perspective  view  of  which  is  shown  in 
Fig.  7 of  the  text,  is  the  simplest  of  the  five,  and  was  prob- 
ably, in  its  original  form,  an  imitation  of  the  Greek  Doric. 
With  the  exception  of  the*  Tuscan,  the  Roman  orders  are 
all  much  more  elaborate  than  those  of  the  Greeks,  and  in 
all  five  we  find  the  stylobate  supplanted  by  a regularly 
designed  pedestal  on  which  the  column  stands.  The  mold- 
ings of  the  Roman  orders  are  always  profiled  with  the  arcs  of 
circles,  while  the  Greeks  usually  molded  their  sections  to  the 
arc  of  a parabola  or  hyperbola.  Other  modifications  exist  in 
each  order,  which  will  be  pointed  out  as  they  appear  in  the 
following  plates.  The  following  five  plates  are  all  drawn  to 
a scale  of  1-i  inches  — 1 foot,  but,  as  the  diameters  of  the 
columns  differ,  the  lengths  of  the  modules  differ  correspond- 
ingly, and  a separate  scale  must  be  prepared  for  each  plate. 

In  the  Roman  orders,  the  pedestal  is  always  one-third, 
and  the  entablature  one-fourth,  the  height  of  the  column; 
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blit  the  proportions  of  the  details  of  these  main  divisions  are 

subject  to  wide  variations  in  the 
different  orders.  In  each  of  the 
following  five  plates,  the  pedestal 
is  shown  at  ABC , where  A is 
the  base,  B the  die,  or  body,  and 
C is  the  cornice  of  the  pedestal. 
D,  E , and  F show  the  base, 
shaft,  and  capital  of  the  column, 
and  G,  H,  and  I indicate  the 
architrave,  frieze,  and  cornice  of 
the  entablature. 

Commence  this  plate  by  con- 
structing a scale  4 m.  in  length, 
at  a distance  of  T5y-  inch  above 
the  lower  border  line,  the  module 
upon  this  plate  being  equal  to 
10  inches.  Then  draw  a b,  the 
center  line  of  Fig.  1,  at  a dis- 
tance of  41  inches  from,  and 
parallel  to,  the  left-hand  border 
line.  Lay  off  on  a b the  hori- 
zontal divisions  of  the  order, 
according  to  the  dimensions 
given  on  the  plate;  profile  the 
moldings  of  the  capital  and  base 
of  the  column,  and  also  at  the 
returns  of  the  entablature  and 
pedestal,  striking  all  the  curves 
with  the  bow-pencil,  and  from 
centers  located  according  to  the 
measurements  given  on  the  plate. 

Now  draw  Figs.  3 and  4,  which 
are  plans  of  the  under  side  of  the 
capital  and  of  the  upper  side  of 
the  base,  respectively,  locating 
the  center  line  a"  b"  at  a distance 
fig.  7 of  21  inches  from,  and  parallel 
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to,  the  right-hand  border  line;  and  the  lines  g'  h'  and  g/i, 
8|-  inches  and  2f  inches,  respectively,  above  the  lower  bor- 
der line.  Draw  the  circular  outlines  of  the  moldings  on  the 
capital  and  base,  in  Figs.  3 and  4,  from  measurements  taken 
from  Fig.  1,  and  complete  the  figures.  Then  draw  the  soffit, 
or  under  side  of  the  entablature,  shown  in  Fig.  2.  Locate 
the  center  line  a'"  b '"  3f  inches  from,  and  parallel  to,  the 
right-hand  border  line,  and  draw  g"  h"  4^  inches  below  the 
upper  border  line;  then,  from  the  dimensions  given  on 
Fig.  1,  complete  Fig.  2,  as  shown. 

Fig.  5 is  a half  elevation  of  the  upper  part  of  the  shaft 
of  the  column,  showing  the  method  of  profiling  the  curved 
outline  of  the  shaft,  which  is  called  the  entasis.  The 
architectural  purpose  of  the  entasis  is  to  prevent  the  shaft 
of  the  column  from  appearing  too  slender,  and  to  destroy  the 
optical  illusion  of  concave  sides,  which  is  likely  to  appear 
when  the  lines  of  a shaft  are  parallel.  Draw  the  center 
line  a b'  5 ^ inches  from  the  right-hand  border  line,  and 
8 m.  in  length;  then  divide  it  into  8 equal  parts  of  1 m. 
each.  Through  these  points  of  division  draw  the  horizontal 
lines  t'  1\  s' 2',  r'  3' , etc.  Now,  on  b'  as  a center,  and  with  a 
radius  of  1 m.,  draw  the  arc  in'  t' . Make  a’  k'  23|  p.,  or  one- 
half  the  upper  diameter  of  the  column.  From  k'  draw  k'  1' 
parallel  to  a'  b'  and  intersecting  the  arc  in'  t'  at  /'.  Divide 
the  arc  from  in'  to  /'  into  8 equal  parts,  as  shown  at  1 , 2,  3, 
etc.,  and  from  each  of  these  points  of  division  erect  a per- 
pendicular line,  to  intersect  with  the  horizontal  lines  drawn 
through  n’  7,,  o' 6 x,  p' 5 ,,  etc. ; then  through  the  points  k' , 7,, 
6 ,,  5,,  etc.  draw  the  curve  of  the  entasis. 

Now  finish  the  plate,  putting  in  all  dimensions  and  dimension 
lines,  but  omitting  all  reference  letters  except  those  on  Fig.  5. 


DRAWING  PLATE,  TITLE  : DORIC  ORDER 

7.  The  Roman-Doric  order,  Fig.  8 of  the  text,  though 
similar  in  many  of  its  details  to  the  Greek  order  of  the  same 
name,  as  shown  in  Fig.  1,  is,  as  a whole,  so  modified  that  it 


would  hardly  be  recognized  as  a descendant  of  the  Grecian 

design.  The  stylobate  here  is  in 
the  form  of  a pedestal,  and  the 
column  stands  upon  a molded  base, 
which  never  existed  in  the  Greek 
Doric.  The  flutes  of  the  shaft 
are  somewhat  similar  to  those  of 
the  Greek  order,  but  are  com- 
posed of  circular  instead  of  ellip- 
tical arcs.  The  capital  is  decidedly 
different,  and  though  the  frieze 
still  possesses  the  triglyphs  and 
metopes,  these  details  are  differ- 
ently proportioned  and  less  regu- 
larly spaced  than  in  the  Greek 
order.  The  mutules  are  level  on 
their  under  sides,  and  the  crown- 
ing member  of  the  corona  is  a 
cyma  recta  instead  of  an  echinus. 

Commence  this  plate  by  con- 
structing a ■ scale  of  modules 
inch  above  the  lower  border 
line.  The  diameter  of  the  column 
being  18  inches,  the  module  will 
be  9 inches,  and  the  scale  should 
be  made  4 m.  in  length,  with  the 
first  module  divided  into  30  p.  as 
shown. 

Draw  a b,  the  center  line  of 
Fig.  1,  at  a distance  of  4|-  inches 
from,  and  parallel  to,  the  left- 
hand  border  line.  Measure  off 
on  a b the  horizontal  divisions  of 
the  order,  and  draw  the  lines 
defining  these  divisions.  Profile 
the  moldings  of  the  pedestal, 
column,  and  entablature  accord- 
ing to  the  measurements  given, 
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and  draw  the  triglyphs  and  mutules  in  the  entablature. 
Complete  Fig.  1,  omitting  for  the  present  the  fluting 
of  the  shaft.  Now  draw  Figs.  3 and  4,  which  are  plans 
of  the  under  side  of  the  capital  and  upper  side  of  the  base, 
respectively.  Draw  the  center  line  a"  b"  2f-  inches  from,  and 
parallel  to,  the  right-hand  border  line.  Draw  g h 2|-  inches 
and  or'  h'  7#  inches  above  the  lower  border  line.  Draw  the 

O o 

circular  plan  of  the  moldings  of  the  base  and  capital  and  the 
circular  plan  of  the  shaft.  Draw  the  rectangular  outlines 
of  the  moldings  on  the  abacus  in  Fig.  3,  and  of  the  plinth 
and  pedestal  in  Fig.  4.  Divide  the  circumferences  of  the 
circles  defining  the  plan  of  the  column  in  Figs.  3 and  4 
into  20  equal  parts,  and  with  the  chord  length  of  one  of 
these  parts  as  a radius,  describe  the  arcs  defining  the  flutes. 
Project  the  arrises  between  these  flutes  to  the  lines  gh 
and  g'h',  and  with  a paper  strip  transfer  their  positions 
to  Fig.  1. 

Draw  Fig.  2,  which  is  a plan  of  the  under  side  of  the  entab- 
lature,  locating  the  center  line  a'"  b'"  4 inches  from,  and 
parallel  to,  the  right-hand  border  line,  and  draw  g"  h" 
4^  inches  below  the  upper  border  line.  Draw  in  the  mold- 
ings and  plans  of  the  mutules  from  the  dimensions  given  in 
Fig.  1,  and  carefully  outline  the  panels  J,  7v",  L,  M,  and 
N between  the  mutules. 

Draw  Fig.  5 in  the  same  manner  as  described  for  the 
previous  plate,  locating  the  center  line  a'  b'  5f  inches  from 
the  right  border  line,  and  making  it  9 m.  in  length,  instead 
of  8 m.  as  before,  and  dividing  the  arc  m'  l'  into  9 eqrial 
parts. 

On  a',  n\  o',  etc.  as  centers,  and  with  a'  k',  n'  8„  o'  7„  etc. 
as  radii,  describe  quadrants  as  shown,  and  divide  each  quad- 
rant into  G parts,  the  first  and  last  division  being  9°  each,  and 
the  intermediate  divisions  18°  each.  These  points  of  division 
will  locate  the  positions  of  the  arrises  between  the  flutes,  on 
the  lines  a'  k' , n'  8„  etc.  Project  these  points  from  the  cir- 
cumferences of  the  quadrants  to  the  lines  from  which  the 
quadrants  start,  as  a'  k',  n' 8 ,,  etc.,  and  through  them  draw 
the  lines  of  the  flutes  of  the  shaft  as  shown. 
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Fig-.  5 shows  only  the  tipper  two-thirds  of  the  column, 
as  the  sides  of  the  lower  third  are  parallel.  Now  com- 
plete Fig.  1,  drawing  the  flutes  in  the  upper  part  of  the 
column  from  measurements  taken  from  Fig.  5,  and  in  the 
lower  part  of  the  column  from  measurements  taken  from 
Fig.  4,  as  previously  explained. 


DRAWING  PLATE,  TITLE:  IONIC  ORDER 

8.  The  Roman-Ionic  order  differs  from  the  Grecian  order, 
principally  in  the  formation  of  the  volutes  of  its  capital,  and 
the  addition  of  the  pedestal,  as  may  be  seen  by  comparing 
Fig.  9 of  the  text,  which  is  a perspective  of  the  Roman-Ionic 
order,  with  Fig.  4,  the  perspective  view  of  the  Greek  Ionic. 

The  column  in  this  plate  is  16  inches  in  diameter,  and 
the  module  is  consequently  8 inches.  Construct  a scale  4 m. 
in  length,  § inch  above  the  lower  border  line;  then  com- 
mence Fig.  1 by  drawing  the  center  line  a b 4-J-  inches  from, 
and  parallel  to,  the  left-hand  border  line.  Lay  off  on  a b the 
horizontal  divisions  of  the  order,  and  draw  the  lines  defining 
these  divisions.  Complete  Fig.  1 from  the  measurements 
given,  except  the  flutes  of  the  shaft  and  the  volutes  of  the 
capital. 

Now  draw  Fig.  6,  which  is  an  elevation  of  the  volute  of  the 
capital,  four  times  the  size  of  this  detail  in  Fig.  1,  or  accord- 
ing to  a scale  of  6 inches  = 1 foot.  Draw  k l 6 inches  from, 
and  parallel  to,  the  right-hand  border  line,  and  i'  j'  9|-  inches 
above  the  lower  border  line.  From  the  intersection  of  these 
lines  lay  off  on  kb  15  p.  towards  k,  and  draw  the  horizontal 
line  divide  the  distance  from  lx  to  the  intersection  of 

kl  and  i'  j'  into  8 equal  parts,  and,  with  one  of  these  parts 
as  a radius,  and  with  a center  at  the  point  of  intersection, 
describe  a circle,  which  will  be  the  eye  of  the  volute. 

The  method  of  drawing  the  curves  of  this  volute  being 
essentially  different  from  that  practiced  by  the  Greeks,  it 
will  be  necessary  for  the  student  to  leave  Fig.  6 for  the 
present,  and  give  his  attention  to  Fig.  7,  which  shows  the 
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eye  of  the  volute,  drawn  three  times  the  scale  of  Fig-,  G. 


Draw  a b. 


Fig. 


Ci  inches  from. 


Fig.  9 


and  parallel  to,  the  right-hand 
border  line,  and  draw  c d at  right 
angles  to  a b and  3|  inches  below 
the  upper  border  line.  Now,  with 
a radius  of  f inch,  and  a center  at 
the  intersection  of  a b and  c d, 
draw  a circle  whose  diameter  will 
be  three  times  that  of  Fig.  6 ; then 
draw  the  lines  a c,  a d,  b c,  and  b d\ 
bisect  a c and  a d in  points  2 and  7, 
respectively,  and  draw  radial  lines 
from  these  points  to  the  center  of 
the  circle;  divide  the  line  2-12 
into  3 equal  parts,  marking  points 
at  6 and  10.  Through  points  2,  6, 
and  10  draw  lines  parallel  to  c d; 
the  vertical  distance  between  the 
lines  2-1  and  c d will  then  also  be 
divided  into  3 equal  spaces.  Now 
draw  the  line  3-4  at  a distance 
from  c d equal  to  2^-  of  these 
spaces;  from  points  2 and  5 draw 
vertical  lines  defining  the  points 
3 and  from  the  latter  points 
draw  diagonal  lines  at  an  angle 
of  45°,  intersecting  on  line  cd\ 
draw  verticals  from  6 to  7, 
10  to  11 , and  0 to  8,  and  hori- 
zontals from  7 to  8 and  11  to  12 , 
thus  completing  the  figure.  The 
centers  for  drawing  the  arcs  of  the 
volute  are  at  1,  2,  3,  4,  etc.,  and 
will  be  used  in  the  order  in  which 
they  occur. 

Locate  the  centers  in  the  eye  of 
Fig.  G,  by  the  method  followed 
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in  Fig.  7,  and  proceed  to  draw  the  arcs.  From  center  1, 
with  a radius  equal  to  1-1  v draw  the  arc  1,-2, ; from  cen- 
ter 2,  with  a radius  equal  to  2-2  v draw  the  arc  2-3,,  and 
continue  thus  until  the  outer  line  of  the  volute  is  complete. 
Before  drawing  the  inner  line  of  the  fillet  of  the  volute, 
which  gradually  diminishes  to  a point  where  it  unites  tangen- 
tially with  the  eye,  it  will  be  necessary  to  define  its  width  at 
the  end  of  each  arc;  draw  the  fillet  line  l.-l , at  a distance  of 
If  parts  below  the  upper  line  1-12,  and  on  it  mark  any  point, 
as  at  / n ; divide  the  length  of  the  line  m 1,  into  12  equal  spaces, 
as  1-2,,  2,-3,,  etc.  ; join  m and  12  by  an  oblique  line,  as 
shown;  from  the  points  7,,  2,,  3,,  etc.  draw  vertical  lines 
intersecting  the  oblique  line  at  i2,  2 2,  3 2,  etc. ; the  lengtn  of 
the  line  1,-1^  being  equal  to  1-1^  at  the  springing  of  the 
volute,  it  need  not  be  transferred,  but  with  the  dividers  set 
to  the  distance  2,-22,  transfer  it  to  2-22  on  the  line  2-1  at 
the  end  of  the  first  arc,  as  shown;  transfer  these  ordinates 
from  the  oblique  line  to  the  radial  lines  on  the  spiral,  as 
shown,  and  in  consecutive  order. 

Now,  from  the  point  22,  on  the  horizontal  line  of  the  spiral 
2-1,  mark  a distance  equal  to  the  vertical  line  7a-l;  from  the 
point  marked,  describe  the  arc  l.-2„;  then,  from  the  point  32 
on  the  vertical  line  3-2,  mark  a distance  equal  to  the  hori- 
zontal line  2.-2,  and  from  the  point  marked  describe  the 
curve  2-32,  continuing  thus  until  the  fillet  of  the  spiral 
unites  at  the  last  convolution  with  the  eye.  Mark  the  widths 
of  the  moldings  adjacent  to  the  volute,  and  profile  them  as 
shown;  the  reverse  curve  kno  shows  the  curvature  of  the 
bolster  on  the  center  li ne  g'  h'  of  Fig.  3. 

Now  draw  the  volutes  and  finish  the  capital  in  Fig.  1,  and 
then  proceed  with  Fig.  3.  Draw  a b 2ff  inches  from,  and 
parallel  to,  the  right-hand  border  line;  draw  g'  h'  6f  inches 
above  the  lower  border  line.  Draw  the  upper  circumference 
of  the  column;  divide  this  circumference  into  20  equal  parts, 
and  draw  the  fillets  and  flutes  of  the  column,  each  fillet  being 
one-third  the  width  of  a flute;  draw  the  moldings  of  the 
neck  and  of  the  abacus,  as  well  as  the  bolsters  between  the 
volutes,  freehand.  Now  draw  Fig.  4,  the  plan  of  the  base 
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and  pedestal.  Draw  the  center  line  gh  2}^  inches  above  the 
lower  border  line,  and  with  the  point  of  its  intersection  with 
a " b"  as  a center,  and  a radius  of  1 m. , draw  the  circular  plan 
of  the  column;  divide  the  circumference  of  this  plan  into 
20  equal  parts,  and  draw  the  flutes  aud  fillets;  then  draw  the 
moldings  of  the  base  and  the  plan  of  the  plinth  and  pedestal. 

Now  profile  the  entasis  of  the  column  as  shown  in  Fig.  5. 
Draw  the  center  line  a'  b'  at  a distance  of  7T7g  inches  from 
the  left-hand  border  line,  and  draw  the  base  line  in'  b'  inline 
with  that  of  the  pedestal  in  Fig.  4.  Draw  the  upper  line  k'  a' 
11  m.  above  in'  b' ; make  k'  a'  equal  to  the  semi-diameter  of 
the  shaft  at  the  neck,  which  is  25  p.  From  b'  as  a center, 
with  a radius  of  1 m.,  describe  the  arc  in'  w*.  From  k'  draw 
a line  parallel  to  a'  b' , intersecting  the  arc  at  divide  the 
arc  in'  l'  into  11  equal  portions,  as  shown  at  1 , 2,  3,  etc. ; divide 
the  center  line  a'  b'  into  11  equal  portions,  and  draw  hori- 
zontal lines  lx  w\  2X  v' , etc. ; from  the  point  1 on  the  arc, 
draw  a line  parallel  to  a'b';  its  intersection  with  the 
line  lgw'  will  give  one  of  the  required  points.  From  2 draw 
a similar  line  to  2V  etc.  All  the  points  being  marked,  draw  a 
curve  through  them  by  means  of  a spline,  or  flexible  strip. 

Draw  the  line  of  the  shaft  below  the  neck  of  the  capital  on 
Fig.  1,  parallel  to  k'  10 x of  Fig.  5,  which  will  give  the  taper 
of  the  shaft  at  that  section;  draw  the  taper  of  the  opposite 
line  by  a measurement  from  the  center  line  a b.  Since  the 
lower  portion  of  the  shaft  is  cylindrical,  the  lines  represent- 
ing this  portion  will  be  parallel  to  the  center  line  a b.  In 
order  to  draw  the  fluting  of  the  lower  portion  of  the  shaft 
on  Fig.  1,  project  the  edges  of  the  flutes  on  Fig.  4 down  to 
the  center  line  g It,  by  drawing  a series  of  lines  parallel  to 
the  center  line  a"  b" ; then  transfer  their  position  on  line  g h 
by  means  of  a strip  of  paper  on  which  the  points  have  been 
punctured,  carefully  noting  the  position  of  the  center 
line  a"  b". 

To  draw  the  fluting  of  the  upper  portion  of  the  shaft,  a 
different  procedure  will  be  necessary.  From  points  a',  n\ 
and  o'  on  Fig.  5,  with  radii  equal  to  the  semi-diameter  of  the 
shaft  at  the  section  on  which  these  points  are  located,  describe 
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quadrants;  divide  each  arc  into  5 equal  spaces  from  the 
points  marked  on  the  arc,  which  will  be  the  centers  of  the 
flutes;  with  a radius  equal  to  two-fifths  the  length  of  the  arc 
between  the  centers  of  the  flutes,  describe  the  semicircles 
defining  the  flutes;  project  the  lines  of  the  fillets  between 
the  flutes  to  their  position  on  the  horizontal  lines  k' a' , etc., 
by  drawing  lines  parallel  to  the  center  line  a'  b' ; through  the 
three  points  established  for  the  edge  of  each  flute,  draw  a 
curved  line  by  means  of  a spline.  Transfer  the  position  of 
the  edges  on  the  line  k'  a'  to  cf  of  Fig.  1,  and  draw  the  edges 
of  the  flutes  on  Fig.  1 parallel  to  those  on  Fig.  5. 

Now  draw  Fig.  2,  the  plan  of  the  soffit  of  the  entablature. 
Draw  a'"  b'"  3f\  inches  from  the  right-hand  border  line, 
and  & " h"  3y§  inches  below  the  upper  border  line.  The  pro- 
jection of  the  moldings  may  now  be  obtained  from  Fig.  1, 
and  the  lines  drawn  in  Fig.  2.  Complete  the  plate,  putting  in 
all  dimensions,  and  cross-hatching  all  parts  shown  in  section. 


DRAWING  PLATE,  TITLE  : CORINTHIAN  ORDER 

!).  TheRoman-Corinthian  order,  Fig.  10  of  the  text,  differs 
from  its  Greek  prototype  principally  in  the  elaboration  of  its 
entablature  and  the  arrangement  of  the  foliage  of  its  capital. 

The  diameter  of  the  column  in  this  plate  being  14  inches, 
the  module  is  7 inches  in  length.  From  a point  1|  inches 
from  the  left-hand  border  line,  and  f inch  above  the  lower 
border  line,  construct  a scale  5 m.  in  length,  as  shown. 
Then  commence  Fig.  1 by  drawing  the  center  line  a b 
4|-  inches  from,  and  parallel  to,  the  left-hand  border;  and 
from  a point  f inch  above  the  lower  border  lay  off  on  a b 
the  measurements  locating  the  horizontal  divisions  of  the 
order,  and  draw  lines  defining  these  divisions.  Profile  the 
moldings  of  the  pedestal,  base,  and  entablature,  according  to 
the  measurements  on  the  plate,  but  omit  the  capital  until 
the  details  of  its  foliage  have  been  drawn. 

Now  draw  Figs.  2 and  3,  the  plan  of  the  under  side  and  the 
angular  elevation  of  the  capital.  Draw  the  centerline  a"  b" 
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inches  from,  and  parallel  to,  the  right-hand  border  line, 
and  draw  g"  h"  Gf  inches  above  the 
lower  border  line ; with  the  point  of 
intersection  of  a"  b"  and  g"  h"  as  a 
center,  and  with  a radius  of  25  p. , 
draw  a circle  defining  the  outline  of 
the  bell  as  it  would  be  on  the  section 
line  ij  of  Fig.  1.  From  the  same 
center,  but  with  a radius  of  1 m.  5 p., 
describe  a circle  defining  the  projec- 
tion of  the  bell  at  the  top;  and,  with 
a radius  of  2 m. , draw  a circle  limit- 
ing the  projection  of  the  angles  of 
the  abacus.  Draw  k"  l",  and  with 
this  line  as  a base,  construct  the 
equilateral  triangle  k"  m 1" ; mark  the 
width  of  the  angles  of  the  abacus, 
3^  p.  each  side  of  the  axial  lines 
as  shown;  and  with  m as  a center 
describe  the  arc  defining  the  concave 
side  of  the  abacus.  Draw  the  other 
three  sides  in  the  same  manner,  and 
sketch  in,  freehand,  the  circular 
blocks,  from  which  the  ornaments 
would  be  cut  on  each  side  of  the 
abacus.  Divide  the  circumference 
of  the  column  section  into  8 equal 
parts,  as  shown,  and  locate  a stem 
of  the  foliage  in  the  center  of  each 
of  these  parts. 

Now  draw  Fig.  3,  locating  u v,  the 
upper  line  of  the  abacus,  11^  inches 
above  the  lower  border  line.  Draw 
the  horizontal  lines  of  the  abacus, 
bell,  and  astragal,  according  to  the 
measurements  given,  and  locate  the 
center  of  the  eye  of  the  small  volute 
fig.  io  7-j  p.  below  the  abacus,  and  20  p. 
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from  the  neck  of  the  column;  then  draw  the  volute  free- 
hand. Points  in  the  curves  of  the  volute  may  now  be 
projected  to  Fig.  2,  and  the  volute  may  then  be  drawn 
in  place. 

Complete  Fig.  2,  drawing  the  plan  of  the  cauliculi,  cauls, 
and  volutes,  and  the  molding  lines  on  the  angles  and  con- 
cave sides.  The  right  side  of  Fig.  3 is  left  plain,  to  show 
clearly  the  outline  of  the  bell,  but  on  the  left  side  the  foliage 
is  shown  in  position,  the  center  lines  of  the  stems  being  pro- 
jected from  Fig.  2.  The  dotted  outlines  on  the  extreme  left 
show  the  projection  of  the  two  tiers  of  leaves,  which  is 
limited  by  a line  drawn  from  the  eye  of  the  volute  to  the 
edge  of  the  astragal. 

A half  plan  of  the  capital  should  now  be  drawn,  as  in 
Fig.  G,  making  the  line  giv  /iv  a continuation  of  g"  h" Draw 
the  leaves  in  Fig.  G as  shown,  obtaining  their  projection 
beyond  the  column  line  from  the  dotted  outline  in  Fig.  3. 

Now  finish  the  capital  in  Fig.  1,  projecting  the  lines  of 
the  abacus  from  Fig.  3,  and  profiling  the  moldings  at  the 
angles  of  the  abacus,  by  projecting  lines  from  Fig.  G.  Draw 
in  the  leaves  and  cauliculi  as  shown,  carefully  drawing  the 
curl  at  the  t’psof  the  leaves,  according  to  the  measurements 
given. 

Now  draw  Fig.  4,  the  plan  of  the  base  and  pedestal,  loca- 
ting  g'  h'  2|  inches  above  the  lower  border  line.  Draw  the 
flutes  of  the  column  and  moldings  of  the  base,  as  described 
for  the  previous  plate,  and  project  the  lines  of  the  flutes  to  a 
strip  of  paper  and  transfer  them  to  Fig.  1.  Then  draw  the 
flutes  in  the  lower  part  of  the  column  in  Fig.  1,  and  proceed 
to  Fig.  5.  The  line  a'  b'  is  located  5§  inches  from  the  right- 
hand  border  line,  and  is  1 1 m.  in  length.  The  arc  in  w'  is 
divided  as  shown,  and  the  entasis  of  the  column  and  flutes  is 
described  according  to  the  method  explained  on  the  previous 
plate.  Draw  the  flutes  on  the  upper  part  of  the  column  in 
Fig.  1,  by  marking  them  on  a strip  of  paper  and  transferring 
them  from  Fig.  5;  outline  their  finish,  on  the  apophyge  of 
the  shaft,  freehand. 

Now  draw  Figs.  7 and  8,  which  are  elevations  of  the  side 
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and  front  of  one  of  the  modi  11  ions,  or  brackets,  under  the 
corona  of  the  cornice,  drawn  to  three  times  the  scale  of  Fig.  1. 

These  modillions  are  a very  much  modified  form  of  the 
Doric  mutule,  but  are  more  elaborate  than  their  prototype, 
combining  in  one  design  the  scroll  or  volute  of  the  Ionic 
capital  and  the  rich  foliation  of  the  Corinthian.  The  extreme 
projection  of  the  modillion  is  29  i p.,  and  its  depth  is  12|  p. 
To  proportion  its  details  and  locate  centers  for  curves  of  the 
volutes,  make  a b,  Fig.  11  of  the  text,  equal  to  30  p.,  the  extreme 
projection  of  the  corona,  and  divide  it  into  10  equal  parts; 
then  make  ac  equal  to  9 of  these  parts.  Make  de,  the  depth 
of  the  large  volute,  equal  to  | of  ac,  and  draw  fh  through  e 
and  parallel  to  a b.  Make  fg  equal  to  l de,  and  divide  de 
into  14  equal  parts.  Then  make  gh  equal  to  3G  of  these 
parts,  and  draw  h n'.  The  center  o of  the  eye  of  the  large 
volute  is  at  the  intersection  of  a vertical  line  drawn  from  the 
seventh  of  these  parts  and  a horizontal  line  drawn  from, 
the  sixth  subdivision  of  de,  while  the  diameter  of  the  eye 
is  equal  to  G parts,  as  from  3 to  9.  In  the  smaller  volute, 
the  center  o'  of  the  eye  is  at  the  intersection  of  a vertical  and 
horizontal  line  drawn  from  34"  and  5,  respectively,  and  the 
diameter  of  the  eye  is  4 parts,  as  from  3 to  7 on  de.  To  find 
the  centers  of  the  arcs  of  the  volute,  describe  a circle  on  o as 
a center,  and  with  a radius  equal  to  1 part  of  subdivision  of 
de,  within  which  draw  a diagonal  square  as  shown.  The 
points  1,  2,  3,  and  4,  at  the  middle  of  the  sides  of  this  square, 
are  the  centers  from  which  the  arcs  1-2,,  2-3 „ 3,-4,,  and 
4,-5,  are  drawn,  while  points  5 and  6,  located  half  way 
between  o 1 and  o2,  are  the  centers  from  which  the  last  two 
arcs  of  the  spiral  are  drawn.  The  width  of  the  fillet  at  q is 
one-third  of  the  distance  from  1,  to  p,  and  diminishes  to  the 
width  at  6 ,-6. 2,  where  the  inner  volute  becomes  tangent  to 
the  eye.  Lay  off  i2  q equal  to  6,-6t,  and  divide  q 1,  into 
5 equal  parts;  then  make  the  width  of  the  fillet  at  2-2^  equal 
to  the  width  at  1-1,  diminished  by  one  of  these  parts,  and 
the  width  of  the  fillet  at  3-3 2 equal  to  the  width  at  1.2-1, 
diminished  by  two  parts,  and  so  on  to  the  point  6‘a,  where  the 
fillet  becomes  tangent. 


■© 


Fig.  ll 
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The  smaller  volute  is  drawn  in  precisely  the  same  manner, 
except  that  it  is  inverted;  and,  the  eye  being  slightly  larger 
in  proportion  to  the  extreme  diameter  of  the  volute,  but  five 
arcs  are  required  for  the  spirals.  The  lines  connecting  the 
curves  of  the  two  volutes,  and  the  outline  of  the  curled  leaf 
under  the  volutes,  should  be  drawn  freehand,  with  the  aid  of 
the  system  of  squares,  drawn  as  shown  in  Fig.  11  of  the  text. 

Now  draw  the  modillion  on  the  plate,  as  shown  in  Fig.  7, 
locating  the  soffit  line  of  the  corona  4 inches  below  the  upper 
border  line,  and  the  front  of  the  corona  4|  inches  from  the 
right-hand  border  line.  Locate  the  center  line  of  Fig.  8 at 
a distance  of  3|  inches  from  the  right-hand  border  line,  and 
draw  the  end  elevation  of  the  modillion  from  the  measure- 
ments given,  and  with  lines  projected  from  Fig.  7. 

Now  draw  the  modillions  in  the  cornice  and  complete  Fig.  1 ; 
then  draw  F'ig.  9 from  the  measurements  given  in  Fig.  1, 
locating  the  axial  lines  a b'"  and  g'"  h"'  3^  inches  and 
3f  inches  from  the  right  and  upper  border  lines,  respectively. 
Draw  the  entasis  of  the  column  and  flutes  as  shown  in  Fig.  5, 
according  to  explanation  for  previous  plates,  locating  the 
line  a'  b'  5 ^ inches  from  the  right-hand  border  line. 


DRAWING  PLATE,  TITLE:  COMPOSITE  ORDER 

10.  The  Composite  order  was  invented  by  the  Romans 
in  the  endeavor  to  secure  something  more  elaborate  than 
the  Corinthian.  It  is  practically  a combination  of  the  Ionic 
and  Corinthian,  with  proportions  nearly  identical  with  the 
latter,  as  shown  in  Fig.  12  of  the  text. 

The  diameter  of  the  column  in  this  plate  is  14  inches,  the 
same  as  in  the  previous  order,  and  the  module  is  consequently 
the  same,  i.  e.,  7 inches  in  length. 

Construct  a scale  of  modules  \ inch  above  the  lower  border 
line,  and  2-g-  inches  from  the  left-hand  border  line.  Draw  a b , 
the  center  line  of  Fig.  1,  4 inches  from  the  left-hand  border 
line;  and  from  a point  f inch  above  the  lower  border,  la3* 
off  on  a b a series  of  measurements,  locating  the  horizontal 
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divisions  of  the  order,  and  draw  the  lines  defining  these  divi- 


sions. Profile  the  moldings  of 
the  pedestal,  base,  and  entab- 
lature, aecording  to  the  meas- 
urements given.  Draw  the 
dentils  in  the  cornice,  and 
complete  the  figure,  except 
the  capital  of  the  column  and 
the  fluting  of  the  shaft. 

Now  draw  Figs.  2 and  3,  the 
plan  of  the  under  side  and  the 
angular  elevation  of  the  cap- 
ital. Draw  the  center  line  a"  b" 
2f  inches  from  the  right-hand 
border  line,  and  draw  g"  h" 
Gf  inches  above  the  lower  bor- 
der line.  With  the  point  of 
intersection  of  a"  b"  and  g"  h" 
as  a center,  and  with  a radius 
of  25  p. , draw  the  circular  out- 
line of  the  bell;  and,  with  a 
radius  of  1 m.  3 p. , draw  the 
outline  of  the  echinus  at  the 
top  of  the  bell.  Then  draw 
the  moldings  under  the 
echinus  and  the  circle  limiting 
the  projection  of  the  angles 
of  the  abacus.  Draw  the 
concave  sides  of  the  abacus 
according  to  the  method 
described  for  the  previous 
plate ; locate  the  blocks  in  the 
center  of  the  sides,  and  com- 
plete the  figure,  except  the 
volutes,  which  must  first  be 
drawn  in  Fig.  3. 

Draw  7i  v,  the  upper  line 
of  the  abacus  in  Fig.  3,  at  a 
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distance  of  11^  inches  above  the  lower  border  line.  Lay  off 
the  measurements  locating-  the  horizontal  divisions,  and  draw 
the  lines  defining  these  divisions.  Profile  the  moldings  of  the 
abacus,  bell,  and  astragal,  and  locate  the  center  of  the  eye 
of  the  volute  according  to  the  measurements  given.  With  a 
radius  of  1|  p. , describe  a circle  as  the  eye  of  the  volute. 
The  eye  must  then  be  divided  as  shown  in  Fig.  8,  and  the 
arcs  of  the  spiral  may  be  desci'ibed  as  shown  in  Fig.  7,  accord- 
ing to  the  method  explained  for  the  drawing  of  the  volutes 
in  the  Ionic  order.  Now  complete  the  volute  on  the  left- 
hand  side  of  Fig.  3,  and  project  the  principal  points  of  its 
curves  to  the  plan,  Fig.  2.  Draw  the  plan  of  the  volutes 
in  Fig.  2,  and  project  the  principal  points  of  the  curves  in 
plan  to  intersect  with  lines  drawn  from  similar  points  in 
Fig.  3,  and  through  these  points  of  intersection  draw  the 
elevation  of  the  volutes  on  the  center  line  of  Fig.  3. 

Now  complete  Figs.  2 and  3 entirely,  and  draw  the  capital 
in  Fig.  1.  The  plan  of  the  capital,  Fig.  6,  may  be  traced 
and  transferred  from  Fig.  2,  the  leaves  being  drawn  in, 
according  to  the  projections  figured  for  them  in  Fig.  3. 
Complete  Fig.  6,  and  project  the  details  to  the  capital  in 
Fig.  1.  Then  draw  the  plan  of  the  base,  Fig.  4,  locating 
g'  h'  2f\-  inches  above  the  lower  border,  and  draw  the  entasis 
of  the  shaft  and  flutes  as  shown  in  Fig.  5,  according  to 
the  description  given  for  the  previous  plate,  locating  a' b' 
5f  inches  from  the  right-hand  border  line.  Now  complete 
Fig.  1,  drawing  the  flutes  from  Figs.  4 and  5.  Then  draw 
Fig.  9,  locating  a'  br  3^  inches  from  the  right  border  line, 
and  gh  3|-  inches  from  the  upper  border  line.  Complete 
the  plate  with  all  dimensions  and  dimension  lines. 


DRAWING  PLATE,  TITLE:  IONIC  DETAILS 

11.  This  plate  shows  several  details  of  the  Roman-Ionic 
order,  drawn  to  a scale  of  1|  inches  = 1 module.  Draw  the 
lower  line  of  the  scale  at  a distance  of  f inch  above  the  lower 
border  line;  mark  a point  5T*g-  inches  from  the  left-hand 
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border  line;  from  this  point  mark  the  lower  diameter  of  the 
column,  which  is  3f  inches;  divide  this  measurement  into 
2 equal  parts,  then  subdivide  the  first  division  into  30  equal 
parts,  as  shown. 

Proceed  with  Fig.  1,  which  is  an  elevation  of  the  column , 
capital,  and  entablature;  begin  by  drawing  the  center  line  a b 
at  a distance  of  6£  inches  from,  and  parallel  to,  the  left- 
hand  border  line;  draw  c d,  the  top  line  of  the  cornice,  at  a 
distance  of  ii  inch  below  the  upper  border  line.  From  the 
line  c d,  mark  a series  of  points  on  the  center  line  a b,  defi- 
ning the  principal  divisions  of  the  entablature  thus:  1 m.  20  p. 
for  the  cornice;  1 m.  15  p.  for  the  frieze;  and  1 m.  10  p.  for 
the  architrave.  Subdivide  the  architrave  into  three  facias 
and  a cymatium,  the  last  named  consisting  of  a cyma  reversa 
and  a fillet;  subdivide  the  cornice  into  two  equal  divisions, 
the  lower  division  being  the  bed  mold,  and  the  upper  one 
the  corona;  subdivide  the  bed  mold  of  the  cornice  into  three 
divisions,  measuring  6 p.  for  the  cyma  reversa,  1 0^  p.  for  the 
dentil  course,  and  p.  for  the  crowning  members;  sub- 
divide the  corona  into  three  divisions,  measuring  10  p.  for 
the  facia,  4^-  p.  for  the  cymatium,  and  10|-  p.  for  the  cyma 
recta  and  fillet  of  the  crowning  member. 

At  a distance  of  25  p„  to  the  left  of  center  line  a b,  draw 
the  line  of  the  return  of  the  entablature;  then  profile  the 
members  of  the  architrave  and  cornice  in  accordance  with 
the  measurements  given,  drawing  the  curves  with  the  bow- 
pencil. 

Locate  and  draw  the  dentils  in  the  dentil  course  in  accord- 
ance with  the  measurements  given.  Draw  the  horizontal 
lines  defining  the  members  composing  the  capital;  profile 
the  abacus,  which  projects  8f  p.  beyond  the  line  of  the  shaft 
(which  is  also  the  line  of  the  architrave);  mark  the  centers 
of  the  eyes  of  the  volutes,  which  are  located  at  the  intersec- 
tions of  the  lower  line  of  the  echinus,  with  lines  drawn  at  a 
distance  of  30  p.  from,  and  parallel  to,  a b,  the  center  line 
of  the  column. 

Within  the  eye,  establish  the  centers  and  carefully  draw 
each  volute.  The  dotted  lines  on  the  face  of  the  left-hand 
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volute  indicate  the  profile  of  the  neck  of  the  shaft  of  the 
column  and  the  members  of  the  capital. 

Before  drawing  the  flutes  of  the  shaft,  it  will  be  necessary 
to  draw  Fig.  5,  the  plan  of  the  shaft  at  the  commencement 
of  the  apophyge;  draw  the  line  op  at  a distance  of  inches 
above  the  lower  border  line;  then,  from  the  point  of  inter- 
section of  the  line  just  drawn  with  the  center  line  a b , with  a 
radius  of  25  p.,  describe  a circle.  As  the  surface  of  the  shaft 
is  channeled  into  24  flutes,  each  quadrant  of  the  circle  defi- 
ning its  plan  will  have  0 flutes,  and,  as  the  angle  at  the  cen- 
ter of  each  quadrant  is  90°,  the  angle  contained  between  the 
radial  lines  that  pass  through  the  center  of  each  flute  will  be 
one-sixth  of  this,  or  15°. 

Divide  the  quadrant  into  G equal  parts;  then,  from  the 
points  where  the  radial  lines  intersect  with  the  arc,  with  a 
radius  equal  to  two-fifths  of  the  length  of  the  arc  between 
the  radial  lines,  describe  the  flutes. 

After  the  flutes  have  been  drawn,  the  lines  of  the  fillets 
between  them  can  be  projected  up  to  Fig.  1.  The  curved 
stops  of  the  flutes  may  be  drawn  freehand. 

Draw  Fig.  G,  which  is  an  elevation  of  the  plinth , base,  and 
lower  end  of  the  shaft.  Commence  by  drawing  the  center 
line  q r at  a distance  of  3§  inches  from,  and  parallel  to,  the 
left-hand  border  line;  draw  s t,  the  bed  line  of  the  plinth,  at  a 
distance  of  § inch  above  the  lower  border  line.  On  the  line  q r, 
commencing  at  the  point  t,  lay  off  a series  of  measure- 
ments for  its  subdivisions;  thus,  10  p.  for  the  plinth,  7|- p. 
for  the  lower  torus,  If  p.  for  the  fillet  under  the  scotia, 
p.  for  the  scotia,  It  p.  for  the  fillet  over  the  scotia,  5 p. 
for  the  upper  torus,  2 p.  for  the  upper  fillet,  and  4 p.  for  the 
apophyge.  At  a distance  of  30  p.  to  the  left  of  the  center 
line  q r , draw  the  outer  line  of  the  shaft,  and  at  a farther 
distance  of  12  p.  draw  the  return  line  of  the  plinth;  locate 
and  draw  the  fillet  lines,  and  with  the  bow-pencil  draw  the 
upper  and  lower  torus  moldings  with  their  respective 
radii. 

In  order  to  draw  the  scotia,  which  is  a compound  curve, 
first  draw  a line  joining  the  corners  of  the  fillets;  on  this 
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line  as  a base  describe  a semicircle ; then,  from  the  corner  of 
the  lower  fillet,  draw  a line  at  an  inclination  of  30°  from  the 
horizontal;  the  line  will  intersect  with  the  semicircle  at  the 
point  shown;  on  this  line  erect  an  equilateral  triangle;  from 
its  apex,  with  a radius  equal  to  one  of  its  sides,  describe  the 
lower  portion  of  the  curve;  then,  with  a center  at  the  point 
where  the  line  of  the  upper  fillet  extended  intersects  the 
upper  side  of  the  triangle,  describe  the  upper  portion  of  the 
curve. 

Draw  Fig.  7,  a quarter  plan  of  the  shaft , locating  the  axial 
line  u v at  a distance  of  Ilf  inches  above  the  lower  border 
line;  from  v as  a center,  with  a radius  of  30  p.,  describe  a 
quadrant;  then  subdivide  the  arc  and  draw  the  flutes  by  the 
method  given  for  Fig.  5,  and  project  the  fillet  lines  down  to 
Fig.  6. 

Locate  the  center  lines  of  the  ornaments  with  which  the 
molded  members  of  the  cornice  are  enriched,  by  means  of 
scale  measurements  from  the  plate.  Carefully  draw  in  a 
section  of  each  ornament,  then  trace  and  transfer  to  the 
adjacent  sections.  Draw  the  egg-and-dart  enrichment  cut 
in  the  echinus  of  the  capital. 


DRAWING  l’LATK,  TITLE:  CORINTHIAN  DETAILS 

12.  This  plate  shows  a study  of  several  details  of  the 
Roman-Corinthian  order,  drawn  to  a scale  of  If  inches 
= 1 module.  Draw  this  scale,  at  a distance  of  f-  inch  above 
the  lower  border  line;  mark  a point  4f  inches  from  the 
right-hand  border  line;  from  this  point  mark  the  lower 
diameter  of  the  column,  which  is  3f  inches;  divide  this 
measurement  into  2 equal  parts,  then  subdivide  the  first 
division  into  30  parts. 

Proceed  with  Fig.  1,  which  is  an  elevation  of  the  shaft, 
capital,  and  entablature.  Draw  the  center  line  a b Of  inches 
from,  and  parallel  to,  the  left-hand  border  line;  draw  c d, 
the  top  line  of  the  cornice,  f inch  below  the  upper  border 
line.  From  the  line  c d,  mark  a series  of  points  on  the 
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center  line  a b,  defining  the  principal  divisions  of  the  entab- 
lature, giving  2 m.  for  the  cornice;  1 m.  15  p.  for  the  frieze, 
of  which  2|-  p.  belong  to  the  cymatium  of  the  frieze;  and 
1 m.  15  p.  for  the  architrave.  Subdivide  the  architrave  into 
facias  and  molded  bands,  and  subdivide  the  cornice  into  its 
respective  parts  by  horizontal  lines,  as  shown. 

At  a distance  of  25  p.  to  the  left  of  the  center  line  a b, 
draw  the  line  of  the  return  of  the  entablature,  and  profile 
the  members  of  the  architrave,  frieze,  and  cornice,  in  accord- 
ance with  the  measurements  given,  drawing  the  curves  with 
the  bow-pencil.  Locate  and  draw  the  dentils  in  the  dentil 
course,  as  shown.  Lay  off  the  height  of  the  capital,  which 
is  2 m.  and  10  p.,  and  under  the  capital  draw  the  astragal 
and  fillet,  defining  the  collar  of  the  shaft. 

Draw  Fig.  2,  which  is  a half  elevation  of  the  base  of  the 
column  and  lower  end  of  the  shaft ; draw  the  center  line  c f 
at  a distance  of  3 inches  from  the  left-hand  border  line,  and 
draw  g h,  the  bed  line  of  the  plinth,  at  a distance  of  f inch 
above  the  lower  border  line.  From  the  lin egh,  lay  off  a 
.series  of  measurements  defining  the  members  of  the  base,  as 
shown,  and  draw  the  horizontal  lines.  At  a distance  of  30  p. 
to  the  left  of  the  center  line  e f , draw  the  outer  line  of  the 
shaft,  and  profile  the  base,  drawing  the  upper  and  lower 
torus  moldings  by  means  of  the  bow-pencil. 

In  order  to  draw  the  fluting  at  the  lower  end  of  the  shaft, 
it  will  be  necessary  to  draw  Fig.  3,  which  is  a quarter  flan 
of  the  shaft  on  the  line  ij\  draw  k /,  the  axial  line  of  the 
shaft,  at  a distance  of  11^  inches  above  the  lower  border  line, 
and  from  / as  a center,  with  a radius  of  30  p.,  describe  a 
quadrant.  Locate  the  centers  for  the  flutes  in  accordance 
with  the  instructions  given  for  previous  plates,  and  project 
the  fillet  lines  down  to  Fig.  2.  The  position  of  the  flutes  at 
the  neck  of  the  shaft  of  Fig.  1 can  be  determined  by  drawing 
from  the  center  / of  Fig.  3 a quadrant  having  a radius  of 
25  p. , on  which  the  fillet  lines  can  be  determined,  thence 
projected  to  the  line  k /,  and  transferred  to  Fig.  1. 

Commence  the  decorative  features  by  locating  the  center 
lines  of  the  modillions  from  the  measurements  given,  and 
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draw  the  lines  defining  their  width.  Observe  that  the  orna- 
ment on  the  various  members  of  the  cornice  is  regularly 
disposed,  of  which  the  center  lines  of  the  modillions  may  be 
taken  as  the  regulators.  Sketch  one  of  them  carefully,  and 
then  trace  it  and  transfer  to  the  other  position.  The  lion 
heads,  although  now  used  in  this  position  only  as  a decora- 
tive feature,  were  originally  disposed  as  a series  of  water- 
spouts, the  water  from  the  roof  being  discharged  through 
the  open  mouth. 

Sketch  in  a section  of  the  leaf  ornament  on  the  cymatium 
of  the  corona,  between  the  center  lines  of  the  modillions,  and 
also  on  the  cymatium  of  the  modillions  and  modillion  band, 
and  transfer  to  the  adjacent  sections.  Observe  that  there  is 
a leaf  on  the  external  angles  of  the  modillions;  a similar  leaf 
is  usually  placed  at  the  internal  angles,  so  as  to  make  a 
neater  effect  where  the  miter  lines  occur.  Those  on  the 
internal  angles  are  omitted,  in  order  to  prevent  confusion 
on  the  elevation.  Draw  the  egg-and-dart  ornament  on 
the  echinus  under  the  modillion  band,  and  also  the  pearl- 
and-bead  ornament  under  the  echinus.  Locate  and  draw 
the  dentils  in  the  dentil  course,  and  sketch  in  the  pendant 
in  the  angle,  which  is  a conventionalized  form  of  the 
pineapple. 

Sketch  in  the  side  view  of  the  modillion.  The  eye  of  the 
large  volute  is  decorated  with  a leaf  ornament,  and  the  span- 
drel is  occupied  by  a spray,  growing  out  from  the  eye,  and 
from  which  sprouts  a group  of  petals;  or  the  lower  face  of 
each  modillion  is  decorated  with  an  acanthus  leaf  similar  to 
those  on  the  capital. 

Having  drawn  and  completed  the  side  view  of  the  modil- 
lion, draw  the  molded  outlines  at  the  ends  of  the  modillions, 
and  sketch  in  the  foliation  on  same.  Draw  the  geometric 
element  in  the  ornament  over  the  frieze  and  on  the  cyma- 
tium of  the  architrave;  this  element  is  trefoil  in  form,  and 
can  be  drawn  by  means  of  the  bow-pencil ; then  fill  in  the 
spandrels  and  panels  with  the  foliated  and  flower  ornament. 
Sketch  in  the  leaf  ornament,  and  draw  the  beads  on  the 
enriched  moldings  between  the  facias  of  the  architrave. 
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Draw  the  foliage  of  the  capital  of  the  column,  first  out- 
lining the  block  form  of  the  acanthus  leaves,  as  was  clone 
on  the  drawing  plate  entitled,  Corinthian  Order;  then  sub- 
divide into  lobes  and  serrate  the  edges,  as  shown,  and  com- 
plete the  plate. 


DRAWING  PLATE,  TITTLE  : COMPOSITE  DETAILS 

lo.  This  plate  shows  several  details  of  the  composite 
order,  drawn  to  a scale  of  If  inches  = 1 module. 

Draw  this  scale  as  shown,  the  lower  line  being  3§  inches 
above  the  lower  border  line;  mark  a point  inches  from  the 
right-hand  border  line;  from  this  point  mark  a distance 
equal  to  the  lower  diameter  of  the  column,  which  is  3f  inches; 
divide  this  measurement  into  2 equal  parts,  and  subdivide 
the  first  one  into  30  equal  parts,  as  shown. 

Begin  Fig.  1,  an  elevation  of  the  capital  of  the  column  and 
the  entablature , by  drawing  the  center  line  ab  at  a distance 
of  7T7e  inches  from,  and  parallel  to,  the  left-hand  border  line ; 
draw  c d,  the  top  line  of  the  cornice,  at  a distance  of  f f inch 
below  the  upper  border  line. 

From  the  line  cd  mark  a series  of  points  on  the  center 
line  a b,  defining  the  principal  divisions  of  the  entablature,  giv- 
ing 2 m.  for  the  cornice,  1 m.  15  p.  for  the  frieze,  and  1 m.  15  p. 
for  the  architrave.  Subdivide  the  architrave  into  three  parts, 
two  of  which  are  facias,  and  the  third  one  a group  of  mold- 
ings crowning  the  architrave,  the  lower  facia  being  14f  p. , 
and  the  upper  one  10-f  p. , as  shown.  The  facias  are  sepa- 
rated by  a cyma  reversa  3f  p.  wide,  while  the  cymatium  is 
composed  of  a bead  of  1-f  p.  and  echinus  5 p. , a cavetto  3f  p. 
and  a fillet  If-  p.  in  width;  subdivide  the  cornice  into  bed- 
mold,  dentil-course,  facia,  and  crowning  members,  in  accord- 
ance with  the  measurements  given. 

At  a distance  of  25  p.  to  the  left  of  the  center  line  a b, 
draw  the  line  of  the  return  of  the  architrave  and  frieze,  and 
profile  the  molded  members  of  the  entablature,  first  locating 
the  limits  of  their  projections.  Draw  the  curves  by  means 
of  the  bow-pencil. 
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Locate  and  draw  the  dentils  in  the  dentil  course,  as 
shown.  Draw  the  horizontal  lines  defining  the  members 
comprising  the  capital,  the  total  height  of  which  is  2 m. 
and  10  p. 

Commence  Fig.  2,  a half  plan  of  the  capital , on  line  ef 
looking  upwards.  Draw  the  line  git  at  a distance  of  \ inch 
above  the  lower  border  line;  with  a center  on  the  point  b, 
where  the  line  gh  intersects  with  the  vertical  center  line  a h, 
as  a center,  and  with  a radius  of  2 m.,  describe  a semicircle; 
then,  from  the  center  b,  draw  the  diagonal  lines  b i and  b j, 
each  being  at  an  angle  of  45°  from  the  line  gh;  through  the 
points  i and  j , where  the  diagonal  lines  intersect  with  the 
semicircle,  draw  lines  tangent  to  the  semicircle ; the  width 
of  the  nose,  or  blunt  end,  being  8 p. , lay  off  4 p.  on  each 
side  of  diagonal  lines,  and  mark  the  points  k,  l. 

From  the  points  i and  j ’,  with  a radius  equal  to  the  hori- 
zontal distance  between  these  points,  strike  two  arcs  which 
will  intersect,  above  the  plan,  on  the  center  line  ab;  and 
from  the  same  points,  with  the  same  radius,  describe  arcs 
which  will  intersect  on  the  line  gh  extended;  from  these 
points  of  intersection  as  centers,  draw  the  curved  lines, 
which  should  pass  through  the  points  k and  /. 

These  curved  lines  define  the  concave  sides  of  the  abacus, 
the  radius  being  about  2 m.  and  21  p. 

Lay  off  the  widths  of  the  molded  members  on  the  edges 
of  the  abacus  in  accordance  with  the  measurements  given, 
and  draw  the  parallel  curves  as  shown. 

From  the  center  b,  with  a radius  of  25  p. , describe  a semi- 
circle, which  will  represent  the  semi-diameter  of  the  shaft  of 
the  column  at  the  neck.  Then,  from  the  same  center,  with 
a radius  of  1 m.  and  9 p. , describe  a semicircle,  which  will 
give  the  projection  of  the  large  leaves;  and  with  a radius 
of  1 m.  and  4 p.  describe  a semicircle,  which  will  give  the 
projection  of  the  small  leaves. 

Observe  that  the  center  lines  of  the  large  leaves  are  a b, 
gh , bi,  and  bj;  in  order  to  locate  the  center  lines  of  the 
small  leaves,  bisect  the  angles  contained  between  the  center 
lines  of  the  large  leaves;  sketch  in  one  of  the  large  and  one 
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of  the  small  leaves  carefully,  then  make  a tracing-  of  the 
same  and  transfer  to  the  other  positions. 

At  a distance  of  1 m.  and  10  p.  from  the  center  b , mark 
points  on  the  lines  b i and  bj,  and  erect  lines  perpendicular 
to  them,  as  at  m n,  which  will  locate  the  centers  of  the  eyes 
of  the  volutes. 

Sketch  in  one  of  the  volutes,  first  locating  the  principal 
points  by  means  of  scale  measurements  taken  from  the  plate ; 
then  trace  and  transfer  to  the  opposite  side.  Project  up  the 
lines  of  the  abacus  and  the  principal  points  of  the  volutes  to 
Fig.  1,  observing  that  the  center  of  the  eye  of  the  volute  is 
in  line  with  the  lower  line  of  the  echinus , and  is  shown  to 
be  Gf-  p.  in  height. 

Locate  the  principal  points  of  the  volutes,  and  sketch  in 
one  of  them.  In  order  to  keep  the  drawing  clean,  and  as 
practice  and  skill  are  necessary  to  draw  the  volute  satisfac- 
torily, the  student  is  advised  to  practice  on  a separate  sheet, 
first  transferring  the  dimensions  from  the  drawing  to  the 
sheet,  and  then  to  make  a tracing  and  transfer  the  volute  to 
the  drawing  plate. 

Draw  the  horizontal  lines  that  limit  the  heights  of  the 
leaves;  project  up  the  main  points  from  Fig.  2,  and  sketch 
in  the  leaves  on  one  side  of  the  capital,  which  may  then  be 
traced  and  transferred  to  the  other  side. 

The  leaves  shown  represent  the  block  form  only.  In  prac- 
tice the  leaves  would  be  subdivided  into  lobes  and  the  edges 
would  be  serrated  as  in  the  previous  plate ; but  in  this 
example  the  block  form  is  adopted  for  the  sake  of  clearness 
and  simplicity. 

Proceed  with  Fig.  4,  a half  elevation  of  the  pedestal  and 
base  of  the  column.  Draw  the  center  line  op  at  a distance 
of  3}f  inches  from  the  left-hand  border  line,  and  mark  a 
series  of  points  above  gh  defining  the  members  that  com- 
pose the  pedestal  and  base  of  the  column.  As  the  whole 
height  of  the  pedestal  is  not  shown,  it  will  be  necessary 
to  draw  q r,  the  top  line  of  the  cornice,  at  a distance  of 
5-j-f  inches  above  the  lower  border  line,  and  mark  the  dis- 
tances of  the  upper  members  from  the  line  qr  just  drawn. 
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Having  drawn  the  horizontal  lines,  draw  the  return  line  of 
the  pedestal  and  the  plinth  under  the  base  of  the  column, 
which  is  1 m.  Ilf  p.  from  the  center  line  op\  then  profile  the 
molded  members,  using  the  bow-pencil  where  practicable. 

Before  drawing  the  flutes  it  will  be  necessary  to  draw 
Fig.  3,  a quarter  plan  of  the  column  on  line  st\  from  the 
center  v,  with  a radius  of  30  p.,  describe  a quadrant  and 
divide  it  into  6 equal  parts;  then  from  the  center  v draw 
radial  lines  through  the  points  marked,  and  from  these 
points  as  centers,  with  a radius  of  3f  p. , describe  the  curves 
that  define  the  flutes  (the  width  of  the  fillets  between  the 
flutes  will  be  one-fourth  the  width  of  the  flute);  now  project 
the  fillet  lines  down  to  Fig.  4,  and  complete  the  figure. 

In  order  to  draw  the  fluting  of  the  column  at  the  neck,  as 
shown  in  Fig.  1,  make  another  quarter  plan  of  the  column 
with  the  diameter  as  it  exists  at  the  neck;  thus,  from  the 
center  v,  on  Fig.  3,  with  a radius  of  25  p. , which  is  equal  to 
the  semi-diameter  of  the  column  at  the  neck,  draw  a quad- 
rant; the  intersection  of  the  radial  lines  previously  drawn 
with  the  small  quadrant  will  give  the  centers  for  the  flutes. 
From  the  center  v draw  lines  passing  through  the  fillet  lines 
of  the  large  quadrant  ; their  intersection  with  the  small 
quadrant  will  give  the  reduced  width  of  both  fillets  and 
flutes;  project  the  fillet  lines  of  the  small  quadrant  up  to 
the  line  u v,  and  transfer  the  points  by  means  of  a strip  of 
paper  to  Fig.  1,  observing  carefully  that  the  centerline  op 
of  Fig.  3 coincides  with  the  center  line  ah  of  Fig.  1;  draw 
the  curved  stops  of  the  flutes  freehand,  and  complete  the 
figure. 


DRAWING  PLATE,  TITLE:  DORIC  DOORWAY 

14.  This  plate  shows  a plan,  elevation,  and  vertical 
section  of  a stone  doorway  designed  in  the  Roman-Doric 
order,  and  adapted  to  meet  the  requirements  of  modern 
work.  The  figures  in  this  plate  are  all  drawn  to  a scale  of 
f inch  = 1 foot,  and  should  be  carried  along  together,  so 
that  details  of  one  may  be  projected  to  another. 
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Begin  with  Fig;.  2,  the  elevation  of  the  doorway , and  draw 
the  center  line  a b at  a distance  of  inches  from,  and  par- 
allel to,  the  right-hand  border  line;  then  draw  the  floor 
line  x y at  right  angles  to  a b,  at  a distance  of  1 inch  above 
the  lower  border  line;  the  door  opening  being  5 feet  wide, 
lay  off  2 feet  6 inches  on  each  side  of  the  center  line  a b,  and 
draw  the  jamb  lines;  then  draw  the  head  jamb  lines  of  the 
door  opening  at  a distance  of  10  feet  above  the  floor  line. 
Dividing  the  width  of  the  opening  into  8 equal  parts  will 
give  7-L  inches  as  the  measurement  assigned  for  the  module 
or  semi-diameter  of  the  column. 

Construct  the  proportional  scale,  of  modules  by  drawing  a 
line  inch  above  the  lower  borderline.  Mark  a distance  of 
3 feet  9 inches  on  this  line,  from  a point  f inch  from  the 
left-hand  border  line;  dividing  this  line  into  0 equal  parts 
will  give  7-§-  inches,  thus  making  the  scale  6 m.  in  length. 
Subdivide  the  first  module  into  6 equal  spaces,  each  of  which 
will  represent  5 p.,  or  ^ m. 

The  scale  of  f inch  = 1 foot  must  now  be  laid  aside,  as  all 
measurements,  except  those  relating  to  the  wooden  door,  the 
thickness  of  the  walls,  and  the  lathing  and  plastering,  are 
given  in  modules  and  parts  of  a module. 

Draw  the  center  line  l m of  the  column  at  a distance  of 
6 m.  7-j  p.  from,  and  parallel  to,  the  center  line  a b;  then 
mark  a series  of  points  on  the  center  line  / m,  representing 
the  principal  divisions  of  the  order,  beginning  at  xy,  the 
floor  line;  mark  a point,  and  draw  the  ground  line  at  a dis- 
tance of  24  p.  below  it;  then,  above  it,  mark,  for  the  height 
of  the  plinth,  1 m.  28  p.  ; for  the  base  of  the  column,  30  p.  ; 
for  the  shaft  of  the  column,  14  m. ; and  for  the  capital  of  the 
column,  30  p. ; for  the  architrave,  30  p. ; and  for  the  frieze 
and  cornice,  each  1 m.  15  p.  Through  these  points  draw  the 
horizontal  lines  that  define  the  members. 

Now  draw  the  line  gh  at  a distance  of  4 m.  20  p.  above 
the  top  line  of  base  c d,  and  on  gh  lay  off  30  p.  each  side 
of  the  center  line  l nr,  draw  the  vertical  lines  down  to  the 
base  parallel  to  the  center  line  l in.  Complete  the  profile  of 
the  base  and  plinth  of  the  column  as  shown,  the  principal 
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dimensions  being-  figured ; others  may  be  obtained  by  scale 
measurement.  Draw  the  capital  of  the  column,  locating  the 
neck  lines  25  p.  each  side  of  the  center  line  /;//;  draw  the 
moldings  under  the  neck  of  the  capital  down  to  line  e f 

Draw  the  profile  of  the  entablature  as  shown,  the  moldings 
being  drawn  freehand;  lay  off  and  draw  the  triglyphs  on  the 
frieze,  the  guttse  of  the  same  on  the  architrave,  and  lay  off 
and  draw  the  dentils  on  the  bed  mold  of  the  horizontal 
cornice. 

To  determine  the  pitch  of  the  pediment,  describe  an  arc 
from  the  point  /,  at  the  lower  angle  of  the  crown  mold  of 
cornice,  with  a radius  equal  to  the  length  of  the  facia  fillet  p r , 
which  is  17  m.  17  p.,  intersecting  with  the  center  line  ab; 
from  this  point  as  a center,  and  with  the  same  radius,  describe 
the  arc  pqr\  then,  from  the  point  q , with  a radius  equal  to 
the  depth  of  the  cornice  less  the  crown  mold,  describe  the 
arc  as  shown ; from  the  point  /,  and  tangent  to  this  arc,  draw 
the  line  of  the  fillet  below  the  crown  mold;  parallel  to  this 
line  draw  the  lines  of  the  crown  mold  from  the  angles  of  the 
horizontal  molding ; make  the  facia,  fillet,  and  bed-mold 
members  the  same  width  as  those  of  the  horizontal  cornice, 
measuring,  however,  on  a line  at  right  angles  to  the  pitch 
line  of  the  pediment;  the  dentils  of  the  pediment  cornice  are 
immediately  over  those  of  the  horizontal  cornice,  so  that  their 
position  can  be  projected  from  them. 

The  column,  entablature,  and  pediment  having  been  drawn 
on  the  left  of  center  line  a b,  duplicate  the  work  to  the  right 
of  the  line,  first  drawing  the  center  line  of  column  n o and 
proceeding  as  before.  This  being  done,  draw  the  architrave 
around  the  door  opening,  and  the  piers  situated  behind  the 
columns,  as  shown  in  Fig.  1;  draw  the  plinth  and  base  lines 
of  the  piers,  and  extend  the  entablatures  over  the  piers. 

Now  draw  Fig.  1,  which  is  a plan  of  the  doorway  on  the 
section  line  g'  h' ; first  draw  c'  d\  the  center  or  axial  line  of 
the  columns,  at  a distance  of  3^  inches  from,  and  parallel 
to,  the  upper  border  line;  at  a distance  of  6 m.  7^  p.  to  the 
left  of  center  line  a b,  draw  the  center  line  of  column;  this 
line  is  a continuation  of  the  line  l vi , from  which  it  may  be 
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projected  ; from  the  point  of  intersection  of  this  line  with  the 
line  c'  d\  and  with  a radius  of  30  p.,  draw  the  plan  of  the 
shaft.  At  a distance  of  21^  p.  from  line  c'  d\  draw  the  face 
line  of  pier,  and,  at  a farther  distance  of  30  p.,  the  face  line 
of  the  wall;  draw  the  jamb  line  of  the  door  opening  and  the 
return  of  the  pier;  draw  the  curves  that  represent  the  molded 
members  of  the  base,  the  radii  being  procured  from  Fig.  2 
by  means  of  the  compasses,  with  a center  on  the  line  l in;  in 
a similar  manner,  transfer  the  measurements  of  the  base  and 
plinth  blocks;  locate  and  draw  the  architrave  and  the  panel 
and  molds  of  the  jamb  or  reveal  of  the  door  opening.  This 
being  done  on  the  left  of  the  center  line  a b,  the  work  may 
be  duplicated  to  the  right  of  this  line. 

Next  draw  Fig.  3,  which  is  a vertical  section  of  the  doorway 
on  the  center  line  a b -of  Fig.  1. 

Begin  by  drawing  the  center  line  /'  in'  at  a distance  of 
lT9y  inches  from  the  right-hand  borderline;  then  project  the 
horizontal  lines  of  the  order  from  Fig.  2,  profile  the  column 
and  entablature  by  measurements  transferred  from  Fig.  2, 
working  from  the  centerlines  of  the  columns  of  each  figure; 
observe  that  the  face  of  the  panel  of  the  pediment  is  in  line 
with  the  faces  of  the  architrave  and  frieze,  and  that  the 
full  lines  which  subdivide  the  cross-hatched  area  represent 
the  size  of  the  stones  composing  the  structure.  Draw  the 
joint  line  of  the  jamb  adjacent  to  the  base  of  column,  after 
which  divide  the  distance  between  this  line  and  the  head 
jamb  into  G equal  parts  and  draw  the  joint  lines;  then  pro- 
ject these  lines  to  the  piers  of  Fig.  2.  Draw  the  joint  lines 
across  the  face  of  the  pediment  cornice  and  horizontal  cor- 
nice, as  shown  on  Fig.  2,  observing  that  these  lines  are  at 
right  angles  with  their  respective  members ; project  the 
pediment  cornice-joint  lines  on  Fig.  2 over  to  Fig.  3. 

To  draw  the  flutings  of  the  shafts,  begin  by  drawing  from  t, 
the  center  of  the  left-hand  column  in  Fig.  1,  the  diagonal 
lines  t s and  t it , each  at  an  angle  of  45°  from  the  axial 
line  c' d' . By  means  of  a protractor,  divide  the  angle  of 
90°  contained  between  these  lines  into  5 equal  parts  of  18° 
each,  and  draw  the  radial  lines  of  division;  the  intersection 
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of  these  lines  with  the  arc  defining  the  shaft  will  give  the 
arrises  between  the  flutes. 

To  describe  the  curve  of  the  flutes,  set  the  bow-pencil  to 
the  chord  of  the  arc  between  the  angles  of  the  flutes,  and 
then  from  each  angle  describe  an  arc,  as  shown.  The  inter- 
section of  these  arcs  defines  the  center  from  which  the  curves 
of  the  flutes  may  be  drawn  with  the  same  radius.  One-third 
of  the  shaft  having  been  filled  in,  the  remainder  can  be  drawn 
in  a similar  manner.  The  curves  opposite  the  flutes  repre- 
sent the  finish  of  the  flutes  on  the  apophyge  at  the  base  of 
shaft. 

Having  completed  the  plan  to  the  left  of  the  center  line  a b, 
draw  the  opposite  one  by  the  same  process. 

As  the  sides  of  shaft  between  lines  gh  and  v w,  on  Fig.  2, 
are  perpendicular,  and  of  the  same  diameter  as  shown  on  the 
plan  in  Fig.  1,  the  lines  of  the  flutings  of  this  section  can  be 
projected  from  Fig.  1.  But,  in  order  to  determine  points 
for  the  curved  outlines  of  the  flutings  between  lines  e f and  gh, 
the  semicircles  that  have  been  drawn  on  the  lines  c / , 3t  i,  2xj, 
and  i,  k , to  profile  the  entasis,  should  be  divided  similar  to 
the  plan  of  shaft  on  Fig.  1. 

Having  marked  the  angles  of  the  flutes  on  each  semicircle, 
project  the  points  by  lines  drawn  parallel  to  center  line  / ///, 
and  intersecting  with  their  respective  base  lines  lt  k,  2 1 /,  and 
3t  i.  The  points  of  intersection  will  give  the  desired  points 
on  the  curved  outline  of  each  flute,  through  which,  by  the  aid 
of  a flexible  strip,  the  curves  may  be  drawn.  The  curved 
stops  of  the  flutes  at  c f and  v zv  can  now  be  drawn. 

Transfer  the  various  points  over  to  the  column  on  the  right 
of  center  line  a b,  and  also  to  the  column  on  Fig.  3,  and  com- 
plete the  flutings. 

The  design  having  now  been  developed  by  means  of  the 
proportional  scale  and  measurements,  the  drawing  will  be 
completed  by  means  of  the  regular  f inch  = 1 foot  scale. 
Proceed  to  finish  Fig.  1 ; draw  the  inner  face  line  of  the  stone 
wall  and  the  lines  showing  the  furring  strips  and  plastering 
on  the  inside  of  the  wall ; draw  the  door  frame,  which  is 
7 inches  wide,  and  the  door  stops  that  cover  the  frame;  draw 
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the  door,  which  is  2J  inches  thick,  and  lay  off  the  framing, 
moldings,  and  the  panels,  all  of  which  are  shown  in  section. 
The  dimensions  of  the  framing  and  moldings  can  be  procured 
from  Fig.  2.  Observe  that  the  door  is  in  two  leaves,  the 
central  joint  being  rabbeted.  Draw  the  door  elevation  on 
Fig.  2 by  projecting  the  vertical  lines  from  Fig.  1;  make  the 
lower  rail  14  inches  wide,  the  lower  panel  16^  inches  high, 
each  of  the  lock-rails  3f  inches  wide,  and  the  lock-panel 
0 inches  wide.  Draw  the  raised  and  ornamental  panels  as 
shown;  run  a series  of  vertical  and  horizontal  lines  to  locate 
the  center  of  the  studs  on  the  door  framing,  and  from  the 
centers  found  describe  the  circles.  Draw  the  escutcheon 
adjacent  to  lock-panel,  in  which  is  placed  the  Yale  key 
cylinder  and  the  door  knob.  The  drawing  can  now  be 
inked  in,  crosshatched  where  shown  in  section,  the  dimen- 
sion and  center  lines  drawn,  and  the  dimensions  neatly 
written.  The  reference  letters  may  be  omitted. 

Any  dimensions  taken  on  the  drawing  with  the  scale  of 
f inch  = 1 foot  will  give  the  working  measurements,  and  it 
should  be  so  figured  if  required  for  a working  drawing. 


DRAWING  PLATE,  TITLE : RENAISSANCE 
DOORWAY 

1 5.  This  plate  shows  a design  for  a rich  stone  doorway 
in  the  Renaissance  style,  drawn  in  elevation  and  section  to  a 
scale  of  1|-  inches  = 1 foot. 

Commence  the  elevation  by  drawing  the  center  line  a b at 
a distance  of  8^  inches  from,  and  parollel  to,  the  left-hand 
border  line,  and  draw  c d,  the  floor  line,  at  a distance  of 

inch  above  the  lower  border  line. 

As  the  door  opening  is  5 feet  6 inches  wide,  each  reveal 
line  will  be  2 feet  9 inches  from  the  line  ah\  draw  the  soffit 
line  at  a distance  of  7f  inches  above  the  lower  border  line. 

The  height  of  the  opening  is  11  feet,  or  twice  its  width  as 
marked,  but  only  the  upper  and  lower  portions  of  the  jambs 
are  shown,  as  indicated  by  the  broken  or  irregular  lines. 
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The  development  of  the  design  is  based  on  a standard  of 
proportion,  of  which  the  module  is  the  nnit  of  measure,  as 
explained  in  the  directions  for  drawing  the  orders.  To  estab- 
lish the  module  in  this  example,  divide  the  width  of  the 
opening  into  10  equal  parts,  thus  getting  0Tfio  inches  as  the 
module. 

Draw  the  proportional  scale  where  shown  ; mark  a distance 
equal  to  one-half  of  the  width  of  the  door  opening,  and  divide 
it  into  5 equal  parts,  each  of  which  will  equal  1 m.,  and  sub- 
divide the  first  division  of  the  scale  into  30  parts,  as  shown. 
The  scale  of  1 1 inches  = 1 foot  should  now  be  laid  aside,  as 
all  subsequent  measurements  are  given  in  terms  of  the  pro- 
portional scale  of  modules.  Proceed  with  the  elevation  to 
the  right  of  the  center  line  a b,  completing  as  far  as  practi- 
cable one  half  of  the  figure  before  starting  the  other  half. 

Starting  at  the  floor  line,  mark  a series  of  points  on  the 
line  a b,  defining  the  heights  of  the  plinth,  base,  and  capital  of 
the  semi-column,  and  of  the  architrave,  frieze,  and  cornice  of 
the  entablature;  through  these  points  draw  horizontal  lines. 

Subdivide  these  members  by  a series  of  points,  defining 
the  position  of  their  respective  details,  and  draw  the  hori- 
zontal lines.  At  a distance  of  1 m.  15  p.  from  the  jamb 
line  e f mark  the  width  of  the  architrave,  and  at  a farther 
distance  of  30  p.  mark  the  width  of  the  semi-column;  then 
from  these  points  draw  the  vertical  lines. 

Profile  the  molded  section  of  the  column  and  entablature 
as  shown;  draw  eg , the  miter  line  of  the  architrave,  and, 
from  the  points  of  intersection  of  the  horizontal  lines  with 
this  line,  draw  the  lines  of  the  vertical  members  of  the  archi- 
trave; mark  the  points  of  subdivision  of  the  architrave  base 
block,  and  draw  the  lines.  Draw  the  center  line  of  the  sec- 
ond facia  of  the  architrave  at  a distance  of  25  p.  from  the 
jamb  line;  locate  the  centers  for  the  paterae,  or  rosette-like 
ornaments,  and  with  a radius  of  5 p.  describe  the  circles. 

To  draw  the  dentils  in  the  bed  mold  of  the  cornice,  divide 
the  line  a'  h into  49  equal  parts,  two  of  which  will  belong  to 
each  dentil,  and  one  part  to  the  channel  between  them. 

Now  draw  Fig.  A,  which  is  a transverse  section  of  the  jamb 
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on  line  ij , looking  downwards;  draw  k l,  the  wall  line,  at  a 
distance  of  4T\  inches  above  the  lower  border  line,  and  from 
the  elevation  project  the  lines  of  the  architrave  base  block 
and  the  plinth  and  base  lines  of  the  column,  and  complete 
the  section  as  shown. 

Repeat  the  system  followed  in  drawing  the  right-hand  sec- 
tion of  the  elevation,  on  the  left  of  center  line  a b.  Draw 
Fig.  B,  which  is  a transverse  section  of  the  jamb  on  line  m n, 
looking  upwards,  showing  the  plan  of  the  capital,  the  leaves 
being  omitted  to  prevent  confusion.  Locate  op,  the  wall 
line,  at  a distance  2|-  inches  from  the  lower  border  line;  from 
the  point  r draw  the  diagonal  line  q r at  an  angle  of  45°,  and 
equal  in  length  to  the  line  rp\  draw  the  line  q u at  right 
angles  to  q r and  mark  the  point  u\  draw  q s parallel  to  op. 
From  q as  a center,  with  a radius  equal  to  twice  the  length 
of  q s,  describe  an  arc  intersecting  with  the  line  o p produced ; 
from  this  point  of  intersection  as  a center,  describe  the  curve 
u v,  which  is  the  edge  of  the  abacus;  draw  the  opposite  edge 
in  the  same  manner,  first  locating  a center  for  the  curve  on 
the  outer  edge  of  the  architrave  by  means  of  an  arc  described 
from  the  point  q ; draw  the  parallel  lines  defining  the  molded 
members  on  the  edges  of  the  abacus,  but  omit  the  volute  on 
the  plan  until  it  has  been  drawn  on  the  elevation. 

In  order  to  draw  the  leaf  ornament  on  the  cyma-reversa 
moldings  of  the  cornice,  the  center  lines  of  the  channels 
between  the  dentils  should  first  be  drawn.  Observe  that  the 
width  of  each  leaf  of  the  lower  molding  occupies  the  full  dis- 
tance between  these  center  lines,  while  in  the  upper  cyma- 
reversa  molding  two  leaves  occupy  the  same  space,  so  that 
on  the  upper  molding  there  should  be  double  the  number  of 
divisions  shown  below. 

Having  spaced  off  the  length  of  the  cornice  to  the  left  of 
the  center  line,  sketch  in  a series  of  the  leaf  forms  on  both 
upper  and  lower  moldings,  and  also  the  pearl-and-bead  orna- 
ment of  the  upper  molding  as  far  as  the  line  a"  b' ; then  on  a 
piece  of  tracing  paper  make  a copy  of  the  ornament  in  pencil, 
and  transfer  it  to  the  adjacent  section,  as  explained  before. 

Draw  the  egg-and-dart  ornament  on  the  bed  molding  of 
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cornice  by  the'  same  method,  observing  that  the  center  of 
each  division  of  the  ornament  is  immediately  below  the  cen- 
ter of  each  dentil. 

From  the  centers  of  the  paterae  on  the  facia  of  the  archi- 
trave, project  a series  of  lines  to  the  outer  molding,  observing 
that  the  distance  between  these  lines  is  occupied  by  three 
leaves  of  the  ornament  on  the  molding.  Sketch  in  a series 
of  the  leaves,  and  transfer  by  the  method  followed  above; 
then  draw  in  the  leaves  of  the  inner  molding,  as  shown. 

In  order  to  establish  the  governing  lines  of  the  foliage  and 
the  volute  of  the  capital,  divide  the  height  of  the  bell  into 
G equal  parts,  and  through  the  points  of  division  draw  hori- 
zontal lines;  then  draw  five  vertical  lines,  making  the  dis- 
tances between  them  equal  to  the  spaces  between  the  hori- 
zontal lines,  thus  resolving  the  area  into  a series  of  squares. 

Note  carefully  the  points  where  the  curved  lines  of  the 
ornament  intersect  with  the  lines  of  the  squares  on  the 
plate,  and  mark  similar  points  on  the  drawing;  these  points 
will  act  as  guides  to  the  correct  location  of  the  curves,  which 
should  be  sketched  in  lightly  at  first,  and  then  strengthened; 
after  which  the  design  may  be  transferred  to  the  opposite 
side  by  means  of  a copy  on  tracing  paper.  Draw  the  orna- 
ment at  the  end  of  the  frieze  in  a similar  manner,  first  divi- 
ding the  height  between  members  into  4 equal  parts  and  con- 
structing squares  as  before.  The  volute  on  Fig.  B may  now 
be  sketched  in.  first  drawing  a series  of  vertical  lines  down 
from  the  volute  on  the  elevation,  so  as  to  define  the  principal 
points  governing  the  roll  of  the  spiral,  after  which  the  draw- 
ing should  be  carefully  compared  with  the  plate  and  com- 
pleted. 


DRAWING  PLATE,  TITLE  : DOOR  AND  WINDOW 
TREATMENT 

1 (>.  This  plate  shows  a Gothic  tracery  window  of  four 
Bays,  or  openings,  and  a modern  Romanesque  doorway,  both 
of  which  are  drawn  to  a scale  of  \ inch  = 1 foot. 

Commence  Fig.  1,  which  is  the  elevation  of  the  window , 
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by  drawing  the  center  line  a b at  a distance  of  4^  inches 
from,  and  parallel  to,  the  left-hand  border  line;  then  draw 
the  line  c d,  which  is  the  springing  line  of  the  tracery,  at 
a distance  of  5f-  inches  from,  and  parallel  to,  the  lower 
border  line. 

The  width  of  the  window  opening  in  the  clear  being 
10  feet  10  inches,  lay  off  one-half  of  this  width  on  each  side 
of  the  center  line  a b,  and  draw  the  reveal  lines;  from  each 
reveal  line  lay  off  15  inches,  the  width  of  the  moldings  on 
the  jamb,  and  mark  the  width  of  each  member  of  the  mold- 
ings; then  draw  vertical  lines  down  to  the  sill;  locate  the 
central  and  intermediate  mullions,  or  vertical  shafts, 
between  the  days  of  the  window,  in  accordance  with  the 
figured  dimensions,  and  draw  the  vertical  lines  down  to 
the  sill. 

The  tracery  in  the  upper  part  of  the  window  is  "based 
entirely  upon  a geometric  system  of  construction,  and  its 
governing  lines  can  be  drawn  without  any  other  dimensions 
than  the  widths  of  the  window  and  of  its  central  mullion 
between  certain  established  center  lines.  These  center  lines 
are  taken  through  the  middle  of  the  fillets  on  the  jambs  and 
mullion  of  the  window,  as  shown  in  Fig.  1 at  e gh  and  j. 

On  the  line  c d,  lay  off  on  each  side  of  the  center  line  a b a 
distance  of  5 feet  7f  inches,  thus  locating  the  points  e and  j; 
and  also  lay  off  on  each  side  of  a b a distance  of  2f  inches, 
thus  locating  the  points  g and  h.  Now  from  c and  j as  cen- 
ters, and  with  a radius  e j , or  11  feet  3^  inches,  describe  two 
arcs  intersecting  at  m,  and  through  their  point  of  intersec- 
tion draw  a horizontal  line,  which  will  be  the  center  line  of 
the  fillet  at  the  top  of  the  window  head,  as  shown  at  f Now, 
on  e,g,  h,  and  j as  centers,  and  with  a radius  ecpial  to  eg,  or 
5 feet  5|  inches,  describe  arcs  intersecting  at  p and  q ; bisect 
eg  and  h j at  f and  i,  and  on  e and  j as  centers,  with  a radius 
equal  to  f j , or  8 feet  G|f  inches,  describe  arcs  intersecting 
at  r.  Now  on  r as  a center  describe  a complete  circle  tan- 
gent to  the  arcs  j m and  e m.  This  circle  will  have  a radius 
of  2 feet  inches,  and  should  come  within  4f  inches  of 
the  arcs  gp  and  hq.  Now  with  this  same  radius,  and  on 
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c,f,g , h , i,  and  j as  centers,  describe  eight  arcs  intersecting 
at  k,  /,  s,  and  /;  and  with  these  four  points  of  intersection  as 
centers,  describe  four  arcs  intersecting  at  p and  q\  and  from 
p and  q as  centers,  describe  the  two  arcs  k l and  s t.  Now 
through  e and  j draw  perpendicular  lines  to  the  top  of  the 
window,  and  the  skeleton  outline  of  the  tracery  is  complete. 

Now  draw  the  cusps  of  the  small  arches  under  the 
arch  h q j.  From  the  centers  j-  and  t draw  vertical  lines  down 
to  the  springing  line  c d,  and  locate  the  center  u\  then  with  a 
radius  of  8^-  inches  describe  a circle;  locate  the  centers  v,  w, 
and  x as  shown,  v and  w being  at  the  intersections  of  the 
circumference  of  the  circle  with  two  vertical  lines  drawn 
6||-  inches  each  side  of  the  center  line,  while  x is  at  the  inter- 
section of  the  circumference  with  the  center  line  itself ; from 
these  points,  with  a radius  of  Gf  inches,  describe  the  inner 
lines  of  the  cusps;  from  points  h and  / describe  the  rib  curves 
which  are  parallel  to  these  cusp  curves;  locate  similar  cen- 
ters for  the  cusps  under  the  arch  it  j;  draw  the  cusps  and 
then  the  rib  curves  as  before.  To  determine  the  center  of 
the  spherical  triangle  s q t,  bisect  the  angles  q s t,  q t s,  and 
s q t,  and  the  intersection  of  these  bisecting  lines  at  y will  be 
the  center  required.  From  y as  a center,  with  a radius  of 
8 inches,  describe  a circle;  within  this  circle  draw  an  equi- 
lateral triangle,  by  joining  the  points  of  intersection  of  the  cir- 
cle with  the  bisecting  lines;  from  each  vertex  of  this  triangle 
as  a center,  with  a radius  of  5f  inches,  draw  the  curves  of 
the  cusps;  complete  the  trefoil  by  drawing  the  parallel  rib 
curves  from  the  centers  s,  q , and  /,  and  draw  the  moldings 
composing  each  rib;  the  small  spandrels  adjacent  to  the 
cusps  are  called  eyes , and  are  panels  cut  in  the  face  of  the 
rib  to  lighten  its  appearance,  but  are  not  cut  entirely  through 
the  stonework,  as  are  the  days. 

Draw  the  cusps  which  form  the  quarterfoil,  or  four-leafed 
figure,  in  the  circular  section  of  the  window;  from  the  cen- 
ter r,  with  a radius  of  18jr§-  inches,  draw  a circle;  through  r 
draw  a vertical  and  a horizontal  line;  the  intersection  of 
these  lines  with  the  circle  just  drawn  will  define  the  centers 
from  which  arcs  may  be  struck  to  form  the  cusps;  draw 
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diagonal  lines  from  these  points,  which  will  define  the  length 
of  the  cusps,  and  complete  the  figure,  as  shown. 

To  draw  the  tracery  of  the  large  spandrels,  first  locate  the 
center  z according  to  the  measurements  given;  from  z as  a 
center,  with  a radius  of  16f  inches,  describe  a circle,  which 
will  be  the  center  line  of  the  circular  rib;  draw  another 
circle  from  the  same  center  with  a radius  of  8 inches,  as 
shown  in  the  right-hand  spandrel,  and  inscribe  an  equilateral 
triangle,  as  shown;  then  from  the  vertices  of  this  triangle  as 
centers,  and  with  a radius  of  5|  inches,  describe  the  curves 
of  the  cusps  forming  the  trefoil,  and  complete  the  figure,  as 
shown. 

From  the  point  c'  as  a center,  with  a radius  of  3 feet 
lli  inches,  describe  the  arc  d'  ef  \ bisect  this  arc,  establishing 
the  center  a\  from  which,  with  a radius  of  2f  inches,  the 
small  circle  maybe  drawn;  draw  the  center  line  of  the  cusps 
which  radiate  from  it;  then  draw  the  cusps  themselves. 

From  the  center  z,  with  a radius  of  2 feet,  describe  the  arc 
fg’\  bisect  the  arc  and  establish  a center  at  b',  from  which, 
with  a radius  of  2^  inches,  describe  the  small  circle;  draw 
the  center  line  of  the  cusps  that  radiate  from  it,  and  draw 
the  cusps  as  before ; then  complete  the  tracery  throughout. 
Draw  the  hood  molding  over  the  window,  first  locating  the 
horizontal  lines  and  then  drawing  the  profile. 

Draw  h'  i',  the  bed  line  of  the  window  sill,  at  a distance  of 

inch  above  the  lower  margin  line;  then  draw  the  top  line 
of  sill  21f  inches  above  this  line;  draw  the  lines  of  the  drip 
mold  of  sill  adjacent  and  parallel  to  line  h'  i' ; draw  the  pro- 
file of  the  jamb  molds  and  mullions,  which  detail,  or  describe, 
their  outline,  on  the  sloping  surface  of  the  sill;  the  line  j'  k' 
is  the  line  of  intersection  of  the  slope  with  the  vertical  face 
of  the  wall  at  the  sides  of  the  window. 

The  continuity  of  the  jamb  molds  and  mullions  is  broken 
by  the  irregular  lines  that  separate  them,  indicating  that  the 
total  height  of  the  window  is  not  shown;  this  height  would 
be  from  4 feet  to  6 feet  greater. 

Now  draw  Fig.  4,  which  is  a plan  of  the  jamb  of  the  Roman- 
esque doorway  taken  on  the  line  no  of  Fig.  2.  Begin  by 


5G  ADVANCED  ARCHITECTURAL  DRAWING  8 16 


drawing  the  vertical  center  line  ab  at  a distance  of  inches 
from,  and  parallel  to,  the  right-hand  border  line;  then  draw 
l in , the  face  line  of  the  wall,  at  right  angles  to  a b and  at  a 
distance  of  3f  inches  below  the  upper  border  line;  the  width 
of  the  doorway  being  7 feet,  the  position  of  j k,  the  reveal 
line,  will  be  3 feet  6 inches  from  the  center  line  a b. 

From  j k lay  off  the  lines  representing  a series  of  three 
reveals;  receding  from  the  door  opening,  the  first  is  3f  inches 
from  j k,  the  second  and  third  each  at  farther  distances  of 
15  inches;  from  l in  lay  off  the  horizontal  lines  representing 
the  receding  face  lines,  three  being  at  distances  of  15  inches 
apart,  and  the  inner  one  at  a distance  of  3f  inches;  locate  the 
centers  of  the  shafts  and  draw  their  plans,  with  a radius  of 
6 inches,  as  they  are  each  12  inches  in  diameter. 

Draw  the  outer  curves  from  the  same  centers,  indicating 
the  members  that  compose  the  bases;  then  draw  the  angular 
line  showing  the  edge  of  the  plinth  block  on  which  the  bases 
of  the  shafts  rest. 

Next  draw  Fig.  3,  which  is  a plan  of  the  arch  moldings 
taken  on  the  springing  line  gh  of  Fig.  2.  Draw  j'  k\  the 
reveal  line,  at  a distance  of  3 feet  6 inches  from  the  center 
line  a b;  locate  the  angles  of  the  recessions  by  the  measure- 
ments given,  and  draw  the  angle  and  face  molds  and  the  line 
of  the  abacus  on  top  of  the  capitals  of  the  columns. 

Now  proceed  with  Fig.  2,  the  elevation  of  the  doorway. 
Draw  the  ground  line  c d at  right  angles  to  center  line  a b, 
and  at  a distance  of  T9F  inch  above  the  lower  border  line;  at 
a height  of  9 feet  8 inches  above  the  line  c d,  draw  c f,  the 
impost  line;  then  draw gh,  the  springing  line,  at  a distance 
of  10  inches  above  the  line  e f. 

From  the  point  i as  a center,  with  a radius  of  3 feet  6 inches, 
draw  the  curve  j" kj"'\  from  j"  and  f",  the  points  of  inter- 
section of  this  curve  with  the  line  gh,  draw  the.  vertical  reveal 
lines  of  the  door  opening. 

From  the  point  j" , on  the  line  g h,  mark  the  width  of  the 
various  arch  members,  in  accordance  with  the  measurements 
given;  from  point  i,  with  radii  extending  to  these  points, 
draw  the  curved  lines  as  shown. 
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From  the  line  c d,  on  the  center  line  a b,  mark  a series  of 
points  locating-  the  vertical  measurements  of  the  plinth 
course  and  the  bases  of  the  shafts,  and  through  these  points 
draw  horizontal  lines;  then,  from  the  line  ef  on  the  center 
line  a b,  mark  a series  of  points  representing  the  vertical 
measurements  of  the  capitals  of  the  shafts,  and  through 
these  points  also  draw  horizontal  lines. 

From  Fig.  4 project  the  shafts  and  base  lines,  and  repeat 
them  on  the  opposite  jamb;  then  draw  the  moldings  of  the 
capitals  and  bases. 

As  the  ornament  on  angle  mold  A and  on  the  facias  B 
and  C is  composed  of  repeated  sections,  it  will  only  be  neces- 
sary to  draw  one  section  of  each  correctly,  which  can  be 
transferred  and  duplicated  on  the  adjacent  sections,  and  the 
operation  continued  until  one-half  of  the  arch  has  been  occu- 
pied, as  shown. 

Divide  the  inner  curve  of  the  angle  mold  A,  from  the 
line  gh  to  the  center  line  a />,  into  17  equal  parts,  and  mark 
the  points  0,  1,  2,  3,  ]/.,  5 , G,  7,  etc. ; then,  from  each  of  these 
points,  with  the  dividers  set  to  4J  inches,  mark  a second 
series,  as  0^  lit  2V  3t,  etc. 

From  the  center  i,  draw  radial  lines  through  these  second- 
ary points,  and  mark  their  intersections  with  the  outer  curve 
of  A,  as  0U,  ln,  2tl,  3lt,  etc. ; then  draw  the  lines  0-0 u,  1-1  u, 
3-3 n,  etc.;  on  each  of  these  lines  draw  a reversed 
curve,  as  shown,  representing  the  center  line  of  the  reeded 
strap  between  the  leaves. 

Now,  on  the  right-hand  side  of  the  center  line  a b,  divide 
the  angle  mold  A,  the  same  as  has  been  done  on  the  left  side; 
this  done,  draw  freehand  a series  of  three  or  four  straps  and 
leaves,  sketching  them  very  faintly  and  finishing  them  with 
a clean,  even  line;  then,  on  a small  piece  of  tracing  paper, 
carefully  trace  the  form,  and  on  the  back  of  the  tracing  paper 
rub  a soft  pencil,  thus  forming  a transfer  paper.  Transfer 
the  copy  to  the  adjacent  section,  carefully  observing  that  the 
center  lines  of  the  bands  are  over  those  already  drawn ; and 
trace  over  the  form  of  the  figure  with  a hard  pencil,  which 
will  transfer  the  lead  on  the  back  of  the  tracing  to  the 
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surface  of  the  drawing,  giving  the  outline  of  the  figure,  which 
should  then  be  strengthened  with  a hard  pencil.  Continue 
this  operation  until  the  ornament  on  one-half  of  the  molding 
is  completed. 

In  order  to  locate  the  sections  of  the  ornament  on 
facia  B,  divide  the  inner  curve  of  the  quadrant  from 
line  gh  into  16  equal  parts,  as  8,  9,  10,  11,  12,  etc.;  and 
repeat  the  divisions  on  the  right-hand  quadrant;  then  draw 
freehand  four  or  five  sections  of  the  ornaments,  care- 
fully outlining  the  ribs  and  leaves,  taking  care  to  make  a 
neat  rendering,  which  may  then  be  traced  and  transferred, 
as  explained  above. 

To  draw  the  ornament  of  facia  C,  divide  the  outer 
curve  of  the  quadrant  into  10  sections,  as  13,  1£,  15, 
16,  17,  etc. ; repeat  the  divisions  on  the  right-hand  quad- 
rant, and  draw  freehand  four  or  five  sections  of  this  orna- 
ment, taking  care  to  make  the  curves  of  the  tendrils  easy 
and  graceful,  and  then  transfer  them  as  before.  Draw  the 
chevron  ornament  on  the  chamfer  of  the  hood  mold,  as 
shown. 

Draw  the  guilloche  ornament  on  the  chamfer  of  the 
abacus,  making  the  angle  of  the  interlacing  reeds  45°; 
then  draw  freehand  the  scroll  formed  by  the  fillet  of  the 
abacus. 

Draw  the  angular  stalk  represented  b5^  the  rib  lines  which 
are  united  by  the  reeds  at  the  collar  of  the  shaft.  Draw  the 
leaf  growing  out  of  the  stalk,  forming  the  veins  by  graceful 
curves,  and  giving  the  lobes  a sharp  and  angular  outline, 
which  is  characteristic  of  this  style. 

Next  draw  the  capitals,  outlining  the  tencjrils,  which  finish 
in  a foliated  cluster  at  the  angle  of  each  capital.  Observe 
that  the  tendi'ils  start  near  the  center  of  the  shaft  and  form 
well-defined  lines  as  they  approach  the  cluster.  Sketch  them 
first  very  faintly,  and  endeavor  to  obtain  graceful,  easy 
curves,  as  the}^  form  the  growth  line  of  the  design  from 
which  the  leaves  branch;  draw  the  ribs  of  the  leaves,  and 
arrange  their  lobes  as  near  the  position  shown  on  the  draw- 
ing as  possible. 


Fig.4. 


Fig.  7 
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DRAWING  PLATE,  TITLE:  EXAMPLES  IN  DESIGN 

17.  This  plate  illustrates  a number  of  architectural 
details  in  the  Gothic  and  Renaissance  styles. 

Figs.  1,  2,  3,  and  4 are  Gothic  details,  drawn  to  a scale  of 
11  inches  = 1 foot.  Figs.  5 and  0 are  Renaissance  doorways, 
drawn  to  a proportional  scale.  Figs.  7 and  8 are  Romanesque 
or  early  Gothic  details,  drawn  to  a scale  of  f inch  = 1 foot. 

Begin  Fig.  1,  which  is  an  elevation  of  a decorated  panel , by 
drawing  the  center  line  a b at  a distance  of  2ff  inches  from, and 
parallel  to,  the  left-hand  border  line ; draw  c d,  the  horizontal 
center  line  of  the  panel,  at  a distance  of  2T9g-  inches  below, 
and  parallel  with,  the  upper  border  line;  from  the  center  d, 
with  a radius  equal  to  one-half  the  side  of  the  panel,  which 
will  be  1 foot  3y  inches,  describe  arcs  intersecting  the  verti- 
cal and  horizontal  lines;  through  the  points  of  intersection 
draw  the  lines  defining  the  sides  of  the  square. 

From  the  center  d,  with  the  radii  given,  describe  the  lines 
of  the  circular  molding ; from  the  measurements  given,  locate 
the  centers  of  the  small  trefoil  panels  in  the  corners;  from 
each  center,  with  a radius  of  2-g-  inches,  describe  a circle; 
then,  with  a radius  of  If  inches,  describe  an  inner  circle; 
within  the  inner  circle  draw  an  equilateral  triangle,  as  shown. 
Within  this  triangle  inscribe  a circle,  from  the  center  of 
which  draw  lines  to  the  vertices;  the  intersection  of  these 
lines  with  the  inner  circle  will  define  the  centers  for  the  foils, 
or  leaf-like  spaces,  between  the  cusps,  or  spear  points,  formed 
by  the  circles  composing  the  foils.  By  increasing  the  radius 
f inch,  the  molded  edge  of  each  cusp  may  be  drawn. 

In  drawing  the  foliage  of  a figure,  where  each  half  is  sym- 
metrical, it  is  more  expedient  to  sketch  one-half  of  it  in  outline, 
showing  only  the  governing  lines,  which,  being  satisfactorily 
drawn,  will  simplify  the  execution  of  the  finer  detail.  This 
system  is  followed  in  Figs.  1,  2,  3,  and  4,  as  it  tends  to  give 
the  student  a clearer  idea  of  the  composition.  It  will  be 
necessary,  however,  to  locate  carefidly  several  points  defi- 
ning the  relative  position  of  each  leaf  of  the  group. 

Beginning  with  leaf  A,  of  Fig.  1,  locate  the  points  e,fg, , 
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and  h by  the  measurements  given,  and  connect  these  points 
with  the  dotted'outline.  From  points^ and  h draw  horizon- 
tal lines  defining  the  space  occupied  by  the  upper  portion  of 
the  leaf  B;  the  center  line  c d will  give  the  relative  position 
of  the  lower  portion  of  this  leaf.  From  the  center  line  c d, 
locate  and  draw  the  horizontal  lines  that  limit  the  outline  of 
the  lower  leaf  C.  Returning  to  leaf  A,  draw  freehand,  in 
faint  outline,  the  lobes,  or  divisions,  of  the  leaf.  In  draw- 
ing the  foliage,  the  student  should  try  to  obtain  easy  and 
graceful  curves,  and,  when  satisfactorily  drawn,  he  should 
strengthen  the  lines,  using  an  irregular  curve  where 
practicable. 

Now  draw  freehand  the  upper  line  ij  k of  leaf  B,  always 
drawing  the  curves  downwards,  as  from  j to  z,  then  from 
j to  k.  Draw  the  scalloped  edge  of  the  lobes,  and  from 
the  points  q and  r draw  the  curved  edges  of  the  lobes  that 
unite  tangentially  with  the  upper  line  ij  k,  drawing  from  the 
line  ijk  downwards  to  the  scallop;  then  sketch  the  stem 
lines,  until  they  die  in  the  stalk.  Draw  the  upper  line  l m il 
of  leaf  C,  drawing  from  m to  / and  from  m to  n.  Then  draw 
the  scalloped  edging  and  the  curved  edges  of  the  lobes  that 
unite  with  the  line  /z/zzz,  and  draw  the  stem  line  op , sketch- 
ing from  o to  p. 

Having  satisfactorily  drawn  the  outline  of  the  leaves  on 
the  left  side  of  the  figure,  proceed  in  a similar  manner  with 
the  right  side;  then  finish  the  various  details  of  the  leaves, 
and  draw  the  grapes  as  shown. 

Proceed  with  Fig.  2,  which  is  an  elevation  of  a gable  finial, 
decorated  with  foliated  crockets,  or  bent  branches,  over 
which  the  leaves  are  laid.  Draw  the  center  line  a b at  a dis- 
tance of  6-^- inches  from,  and  parallel  to,  the  left-hand  border 
line,  and  draw  the  line  c d of  indefinite  length,  at  a distance 
of  inches  from,  and  parallel  to,  the  upper  border  line. 
Draw  the  line  cf  at  a distance  by  scale  of  20  inches  above 
the  line  c d\  then  locate  the  point  f at  a distance  of  2 feet 
i inch  from  the  center  line  ab;  from  / as  a center,  with  a 
radius  of  2 feet  ^ inch,  describe  the  curve  gh,  defining  the 
top  line  of  the  molding;  and  from  the  same  center  draw  the 
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parallel  lines  of  the  various  moldings  of  the  coping,  the 
upper  face  of  which  is  worked  yy-shaped,  and,  being  drawn 
together  at  the  top,  forms  a lozenge-shaped  section  at  the 
neck  of  the  trefoil  head. 

To  draw  the  curves  on  the  left  of  the  center  line  a b,  pro- 
duce the  line  ef  over  to  the  left-hand  side,  on  which  locate 
the  center  in  the  same  relative  position  as  the  center  f ; then 
draw  the  curve  of  the  gable  and  the  trefoil  head  of  the  finial. 
Now  outline  the  foliage  on  the  left  side  of  the  figure;  first 
draw  a series  of  horizontal  lines  in  accordance  with  the  meas- 
urements given;  then  locate  the  points  i,j,  k,  /,  and  m of  the 
enclosing  figure  of  leaf  A,  and  also  the  points  u,  o,p,  q,  and  r 
of  the  enclosing  figure  of  leaf  B.  Sketch  faintly  the  outline 
of  each  lobe  of  the  leaves,  uniting  them  by  looped  curves,  as 
shown,  and  strengthening  the  lines  when  satisfactorily  drawn ; 
then  draw  the  vein  lines  of  each  lobe,  and  the  outline  of  the 
sprigs.  Having  finished  the  left-hand  side,  repeat  the 
design  to  the  right  of  the  line  a b,  and  then  finish  this  side 
in  detail  as  shown. 

Proceed  with  Fig.  3,  which  is  similar  to  Fig.  2,  except  the 
crockets,  which  have  a different  form  of  foliage.  Draw  the 
center  line  a b at  a distance  of  lOf  inches  from,  and  parallel 
to,  the  left-hand  border  line;  draw  the  line  st  at  a distance 
of  11)1  inches,  by  scale,  above,  and  parallel  to,  the  line  c d\ 
locate  the  center  s at  a distance  of  1 foot  1(>1  inches  to  the 
left  of  center  line  a b,  and  draw  the  curves  of  the  coping 
molds;  produce  the  line  s t to  the  opposite  side,  on  which 
locate  the  center,  from  which  the  curves  may  be  drawn; 
then  draw  the  inclined  lines  that  converge  towards  the  top  of 
the  finial,  and  draw  the  trefoil  head  of  same.  Now  draw 
the  outlines  of  the  foliage  on  the  left  side  of  the  figure, 
locating  the  points  of  the  enclosing  figure  of  each  leaf  by 
means  of  the  horizontal  lines  and  measurements  given,  draw- 
ing the  outline  of  the  foliage  and  sprigs;  then  repeat  them 
on  the  adjacent  side,  as  directed  by  the  preceding  figures. 

Commence  Fig.  4,  which  is  an  elevation  of  a Romanesque 
or  early  Gothic  capital.  Draw  the  center  line  ab  at  a dis- 
tance of  2t7¥  inches  from,  and  parallel  to,  the  right-hand 
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border  line;  draw  c d,  the  topline  of  the  abacus,  at  a distance 
of  ■§  inch  below  the  upper  border  line.  From  the  line  c d, 
mark  a series  of  points  on  the  center  line  a b , locating  the 
divisions  of  the  capital;  then,  from  the  dimensions  given, 
draw  the  profile  of  the  moldings  and  the  body  of  the  left  side 
of  the  capital.  Now  draw  the  foliage,  first  locating  the 
points  e,f,g,h,  i,j , k,  /,  in,  and  n,  defining  the  tips  of  the 
leaves  and  the  intersection  of  the  stem  lines.  This  done, 
commence  on  the  foliage  by  drawing  from  p'  to  i;  then  from 
g to  i ; from  /toy;  from  / to  o ; from  o to  f ; from  j to  f ; 
from  o'  to  n\  and  from  e to  n.  Draw  from  p'  to  p\  from 
g to  h;  from  q'  to  q;  from  o'  to  o;  from  h to  i' \ from  h'  to  e' \ 
then  from  e to  e'  draw  the  loops  defining  the  overlaps  at 
g and  q,  which  completes  the  outline  of  the  upper  section  of 
the  foliage. 

Draw  from  j to  k ; then  draw  the  lines  ml,jj'l,  min’ , in'  r, 
and  finish  by  drawing  the  stem  lines.  This  done,  repeat  the 
operation  on  the  opposite  side,  and  complete  the  details  as 
shown. 

Begin  Fig.  5,  which  is  an  elevation  of  a Renaissance  door- 
way, by  drawing  the  center  line  a b at  a distance  of  3T\  inches 
from,  and  parallel  to,  the  left-hand  border  line,  and  draw  c d, 
the  ground  line  for  Figs.  5 and  6,  at  a distance  of  jSg-  inch 
above  the  lower  border  line. 

The  door  opening  is  6 feet  wide,  and  should  be  laid  down 
to  a scale  of  f inch  = 1 foot.  This  done,  divide  the  width 
into  6 equal  parts,  one  of  which  will  determine  the  module , 
or  unit  of  proportion. 

Draw  a scale  of  modules  as  shown,  making  its  length  equal 
to  the  width  of  the  door  opening,  which,  divided,  will  define 
the  modules.  Subdivide  the  first  one  into  6 equal  spaces, 
each  of  which  will  represent  5 p. 

At  a distance  of  9 m.  above  the  ground  line,  draw  the 
springing  line  of  the  arch,  and  from  the  center  e,  which  is 
located  on  the  center  line  a b,  with  a radius  of  3 m. , describe 
the  soffit  line,  or  under  side,  of  the  door  opening;  on  the 
springing  line,  mark  the  position  of  the  jamb  and  pier  lines, 
and  describe  the  curves  from  the  center  e. 
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From  the  intersection  of  the  curves  with  the  springing 
line,  draw  the  vertical  lines  to  the  ground  line  c d ; on  the 
center  line  a b mark  a series  of  points  defining  the  horizontal 
lines  of  the  entablature  and  the  course  that  surmounts  it. 
Divide  the  distance  between  the  ground  line  and  the  archi- 
trave into  14  equal  courses  of  1 m.  each,  and  draw  the  hori- 
zontal joint  lines;  divide  the  soffit  line  of  the  arch  into 
13  equal  parts,  and  draw  the  joint  lines  radiating  from  the 
center  e. 

Locate  and  draw  the  vertical  joint  lines,  then  mark  the 
width  of  the  chamfer,  or  splayed  edge  of  the  courses, 
which  is  3 p.  on  each  side  of  the  joint  line.  Draw  the  lines 
and  show  the  cut  of  the  chamfer,  which  has  a bevel  of  45°, 
as  shown  on  the  returns.  Draw  the  profile  of  the  entabla- 
ture and  finish  the  figure. 

Begin  Fig.  G,  which  is  also  an  elevation  of  a stone  doorway 
of  the  Renaissance  style , by  drawing  the  center  line  a b at  a 
distance  of  Oy1^-  inches  from,  and  parallel  to,  the  left-hand 
border  line. 

The  opening  is  G feet  wide,  and  should  be  laid  down  to 
a scale  of  § inch  = 1 foot,  This  done,  divide  the  width  into 
7 equal  parts,  one  of  which  will  determine  the  module. 

Draw  a scale  of  modules  as  shown,  making  its  length  equal 
to  the  width  of  the  door  opening,  subdividing  the  first  one 
into  G equal  spaces,  each  being  5 p. 

At  a distance  of  10  m.  and  15  p.  above  the  line  c d,  draw 
the  springing  line  of  the  arch;  from  the  center  e',  with  a 
radius  of  3 m.  15  p.,  describe  the  soffit  line  of  the  door  open- 
ing; then,  with  a radius  increased  to  4 m. , describe  the  soffit 
line  of  the  outer  arch  ; from  the  intersection  of  the  arch  lines 
with  the  springing  lines,  draw  the  vertical  reveal  lines;  on 
the  springing  line,  mark  the  width  of  each  pilaster  and  pier, 
and  also  the  position  of  center  line  of  each  pilaster,  and  draw 
the  vertical  lines. 

At  a distance  of  1G  m.  above  the  line  c d,  draw  the  lower 
line  of  the  entablature;  then,  at  a distance  of  4 m.  above 
this,  draw  the  upper  line  of  the  entablature;  divide  the 
entablature  into  architrave,  frieze,  and  cornice,  according  to 
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the  measurements  given,  and  subdivide  these  members  into 
their  respective  details  by  measurements  taken  from  the 
scale,  and  draw  the  horizontal  lines.  Draw  the  profile  of 
the  entablature,  observing  that  the  frieze  and  lower  facia  of 
the  architrave  are  in  line  with  the  neck  of  the  capital  and  the 
return  line  of  the  pier;  draw  the  triglyphs  in  the  frieze,  the 
guttse  on  the  architrave,  and  the  mutules  under  the  corona, 
as  shown. 

Draw  the  horizontal  lines  and  profile  the  members  of  the 
capitals  and  bases  of  the  pilasters  and  piers,  locating  the 
subdivisions  by  means  of  measurements  taken  from  the  scale 
on  the  plate. 

Draw  g h,  the  bed  line  of  the  first  course  above  the  base 
of  the  pilaster;  in  order  to  locate  the  courses  composing  the 
pilaster  up  to  the  top  of  the  impost  or  springing  line  e f,  mark 
a point  on  the  center  line  of  each  pilaster  2 p.  above  the 
line  c /and  draw  the  line  k /,  this  measurement  being  one-half 
of  the  width  of  the  channel  or  groove  between  the  courses; 
then  mark  a point  at  a distance  of  2 p.  below  the  line  gh 
and  draw  the  line  vin\  divide  the  vertical  distance  between 
the  lines  k l and  in  n into  9 equal  spaces,  which  will  define 
the  center  of  each  channel. 

Lay  off  2 p.  on  each  side  of  these  centers,  and  draw  the 
lines  of  the  rustic,  or  projecting  portion  of  each  course,  as 
shown. 

Bossage,  or  rustic  work,  is  a style  of  ashlar  masonry  in 
which  the  joints  are  worked  so  as  to  form  grooves  or  chan- 
nels, which  may  be  rectangular,  as  shown  in  Fig.  G,  or  bev- 
eled, as  shown  in  Fig.  o.  There  are  several  variations  of 
this  style  of  masonry,  all  of  which  are  intended  to  give  an 
appearance  of  bold-relieved  surface  and  massive  effect. 

Mark  a point  2 p.  above  the  line  ij,  and  divide  the  distance 
between  this  point  and  the  line  k l into  4 equal  parts;  then 
space  the  channels  and  draw  the  rustic  lines;  divide  the 
soffit  line  of  the  arch  into  13  equal  parts;  from  the  center  e, 
through  the  points  marked,  draw  radial  lines,  on  each  side 
of  which  mark  one-half  the  width  of  the  channel,  or  2 p. , and 
draw  the  rustic  lines  parallel  to  the  radial  lines,  intersecting 


16  ADVANCED  ARCHITECTURAL  DRAWING  65 


with  the  horizontal  channels,  as  shown.  Draw  the  horizon- 
tal lines  and  profile  the  members  of  the  moldings  composing 
the  imposts  of  the  piers,  by  means  of  scale  measurements; 
draw  the  vertical  lines  of  the  rustic  work  and  complete  the 
figure. 

Commence  Fig.  7,  which  is  an  elevation  and  section  of  a 
Norman  or  early  Gothic  parapet , drawn  to  a scale  of 
f inch  = 1 foot,  by  drawing  the  section  to  the  left,  which  is 
taken  on  the  line  c d. 

Draw  the  line  a b at  a distance  of  3f  inches  from,  and 
parallel  to,  the  right-hand  border  line;  draw  a' a,  the  top 
line  of  the  parapet,  at  a distance  of  6f  inches  above  the  lower 
border  line.  From  the  line  a'a  mark  a series  of  points  defi- 
ning the  vertical  position  of  the  members,  and  through  these 
points  draw  horizontal  lines;  then  draw  the  profile  in  accord- 
ance with  the  measurements  given. 

From  the  section  project  the  horizontal  lines  over  to  the 
elevation;  draw  the  vertical  line  ef  at  a distance  of  finch 
from  the  right-hand  border  line,  and  draw  the  vertical  liner  d 
at  a distance  of  3 feet  8|-  inches  by  scale  from  the  line  e f 
Locate  the  centers  for  the  lower  arches  and  draw  them,  and 
subdivide  the  arch  mold  into  billets,  or  short  sections,  as 
shown.  Draw  the  chevron , or  zigzag,  mold  of  the  lower 
facia,  and  the  scalloped  edge  of  the  second  facia,  which  over- 
laps it. 

Draw  the  dog-tooth,  ornament,  which  is  a four-leaved 
ornament,  having  the  center  projecting,  and  finishing  in  a 
point,  as  shown.  First  draw  the  ornament  in  position  on 
the  section,  projecting  the  several  points  over  to  the  eleva- 
tion; then  complete  both  figures. 

Now  draw  Fig.  8,  which  is  an  elevation  and  section  of  a 
Norman  arcade,  drawn  to  a scale  of  f inch  = 1 foot.  Begin 
the  section,  which  is  taken  on  the  line  i j,  by  drawing  g h, 
the  face  line  of  the  wall,  in  line  with  the  wall  face  of  the  sec- 
tion of  Fig.  7,  and  draw  m n,  the  bed  line  of  the  sill  mold,  at 
a distance  of  ff-  inch  above  the  lower  border  line;  on  the 
line  gh,  mark  the  points  defining  the  vertical  position  of  the 
various  members,  and  draw  horizontal  lines;  draw  the  shaft, 
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base,  and  cap  in  position,  as  shown,  and  profile  the  molded 
courses  and  arch  mold,  and  project  the  horizontal  lines  of 
the  section  over  to  the  elevation ; draw  the  vertical  line  k l 
immediately  under  the  line  ef  of  Fig.  7,  and  draw  the  line  ij 
at  a distance  of  3 feet  5\  inches  from  the  line  k /;  locate 
and  draw  the  center  lines  of  the  columns  and  arches.  Pro- 
file the  columns  and  draw  the  arch  molds;  locate  and  draw 
the  ball  ornament  and  the  lozenge  ornament  on  the  face  of 
the  molded  string-course  surrounding  the  arches,  and  com- 
plete the  figure. 


DRAWING  PLATE,  TITLE:  GOTHIC  ARCADE 

18.  This  plate  shows  a French  Gothic  arcade,  drawn  to 
a scale  of  1^  inches  = 1 foot. 

Commence  with  Fig.  1,  which  is  a plan  of  the  pier  on 
line  q r , looking  downwards;  draw  the  center  line  a b at  a dis- 
tance of  2^  inches  from,  and  parallel  to,  the  left-hand  border 
line;  draw^/q  the  wall  line,  at  right  angles. to  line  a b and  at 
a distance  of  1T7¥  inches  below  the  upper  border  line.  Locate 
the  centers  of  the  shafts,  and  draw  the  circles  defining  the 
shafts  with  their  bases — the  measurements  of  the  details 
being  given  on  Fig.  2,  from  which  the  plan  can  be  drawn 
and  completed. 

Proceed  with  Fig.  2,  the  elevation  of  the  arcade , by  draw- 
ing the  vertical  center  lines  c d,  c f,  and  c' d'  at  their  respect- 
ive distances  from,  and  parallel  to,  the  center  line  a b. 
Draw  ij , the  floor  line,  at  a distance  of  T7g  inch  above  the 
lower  border  line,  after  which  mark  a series  of  points  on  the 
line  c' d',  locating  the  principal  horizontal  divisions  of  the 
design;  thus,  at  a distance  of  11  inches  above  ij , mark  a 
point  denoting  the  top  of  the  base;  at  a farther  distance  of 
3 feet  5 inches,  the  top  of  the  shaft;  then  10-|  inches  for  the 
capital;  finches  for  the  impost;  8f  inches  to  k /,  the  spring- 
ing line  for  the  main  arches;  15^  inches  to  the  line  on  which 
the  centers  of  the  quarterfoils  are  located;  21^  inches  to  the 
bed  line  of  the  molded  and  decorated  course ; and  8f  inches 
to  the  top  line  of  the  course;  through  these  points  draw 
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horizontal  lines,  and  subdivide  these  principal  divisions, 
defining  the  molded  members  and  facias  composing  them. 

From  Fig.  1 project  the  pier  and  shaft  lines  to  Fig.  2;  from 
the  lines  just  drawn,  mark  the  limits  of  the  bases  of  the  shafts 
and  profile  the  bases  freehand.  The  upper  portion  of  the 
base,  marked  t,  is  circular  on  plan,  as  shown  on  Fig.  1,  while 
the  plinth,  marked  s,  is  octagonal.  As  the  outline  of  the 
lower  section  of  the  plinth  is  shown  on  Fig.  1,  the  angles  can 
be  projected  therefrom.  By  drawing  another  line  on  the 
plan,  nearer  the  center  of  the  pier,  and  at  a distance  of 
| inch  from,  and  parallel  to,  the  outline,  the  angles  of  the 
upper  section  of  the  plinth  can  be  established,  from  which 
lines  can  be  projected  down  to  Fig.  2. 

The  diameter  of  the  shaft,  of  which  c f is  the  center  line, 
being  the  same  as  that  of  the  large  angular  shafts  just  drawn, 
the  base  and  plinth  lines  can  be  transferred  from  it. 

In  order  to  draw  the  angular  lines  of  the  plinths  under  the 
4f-inch  shaft,  of  which  c d and  c' d'  are  the  center  lines,  it 
will  be  necessary  to  draw  a plan  of  the  plinth  under  the  ele- 
vation, locating  the  center  of  the  shaft  on  the  line  cd\  then 
with  a radius  of  3f  inches  draw  a circle.  From  the  same 
center,  with  a radius  of  4f  inches,  draw  a second  circle;  tan- 
gent to  each  circle  draw  a semi-octagon,  the  face  of  which 
will  be  at  right  angles  to  the  center  line  c d ; the  angular 
lines  on  the  elevation  can  then  be  projected  from  the  plan 
so  drawn. 

Profile  the  moldings  of  the  capitals,  which  are  circular  on 
plan,  and  of  the  impost  blocks  on  the  top  of  the  capitals, 
which  are  octagonal  on  plan.  First  draw  the  projection  of 
the  top  and  bottom  fillets  on  each  side  of  the  center  line, 
from  which  the  position  of  the  other  line  can  be  determined ; 
take,  for  example,  the  impost  block  of  the  shaft,  whose  center 
line  is  c d;  at  a distance  of  of  inches  each  side  of  c d,  draw 
the  projection  of  the  upper  fillet;  at  a distance  of  3f  inches 
draw  the  projection  of  the  lower  fillet;  then,  with  a center 
located  on  the  line  c d,  describe  two  semicircles,  each  of  which 
is  tangent  to  one  of  the  fillet  lines  just  drawn;  tangent  to 
each  semicircle  construct  a semi-octagon,  from  which  the 
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horizontal  lines,  and  subdivide  these  principal  divisions, 
defining  the  molded  members  and  facias  composing  them. 

From  Fig.  1 project  the  pier  and  shaft  lines  to  Fig.  2;  from 
the  lines  just  drawn,  mark  the  limits  of  the  bases  of  the  shafts 
and  profile  the  bases  freehand.  The  upper  portion  of  the 
base,  marked  /,  is  circular  on  plan,  as  shown  on  Fig.  1,  while 
the  plinth,  marked  s,  is  octagonal.  As  the  outline  of  the 
lower  section  of  the  plinth  is  shown  on  Fig.  1,  the  angles  can 
be  projected  therefrom.  By  drawing  another  line  on  the 
plan,  nearer  the  center  of  the  pier,  and  at  a distance  of 
| inch  from,  and  parallel  to,  the  outline,  the  angles  of  the 
upper  section  of  the  plinth  can  be  established,  from  which 
lines  can  be  projected  down  to  Fig.  2. 

The  diameter  of  the  shaft,  of  which  c f is  the  center  line, 
being  the  same  as  that  of  the  large  angular  shafts  just  drawn, 
the  base  and  plinth  lines  can  be  transferred  from  it. 

In  order  to  draw  the  angular  lines  of  the  plinths  under  the 
4^--inch  shaft,  of  which  cd  and  c' d'  are  the  center  lines,  it 
will  be  necessary  to  draw  a plan  of  the  plinth  under  the  ele- 
vation, locating  the  center  of  the  shaft  on  the  line  c d ; then 
with  a radius  of  3f  inches  draw  a circle.  From  the  same 
center,  with  a radius  of  4|  inches,  draw  a second  circle;  tan- 
gent to  each  circle  draw  a semi-octagon,  the  face  of  which 
will  be  at  right  angles  to  the  center  line  cd;  the  angular 
lines  on  the  elevation  can  then  be  projected  from  the  plan 
so  drawn. 

Profile  the  moldings  of  the  capitals,  which  are  circular  on 
plan,  and  of  the  impost  blocks  on  the  top  of  the  capitals, 
which  are  octagonal  on  plan.  First  draw  the  projection  of 
the  top  and  bottom  fillets  on  each  side  of  the  center  line, 
from  which  the  position  of  the  other  line  can  be  determined ; 
take,  for  example,  the  impost  block  of  the  shaft,  whose  center 
line  is  c d;  at  a distance  of  5f  inches  each  side  of  c d,  draw 
the  projection  of  the  upper  fillet;  at  a distance  of  3f  inches 
draw  the  projection  of  the  lower  fillet;  then,  with  a center 
located  on  the  line  c d,  describe  two  semicircles,  each  of  which 
is  tangent  to  one  of  the  fillet  lines  just  drawn;  tangent  to 
each  semicircle  construct  a semi-octagon,  from  which  the 
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angular  lines  on  the  elevation  can  then  be  projected;  the 
beads  can  then  be  drawn  with  the  bow-pencil. 

Now  draw  the  main  arches;  at  a distance  of  11  f inches 
each  side  of  the  center  line  c d,  locate  the  centers  u and  v on 
the  springing  line  k /,  and  draw  the  curves  in  accordance  with 
the  radii  given.  From  the  centers  u and  v draw  vertical  lines 
as  shown;  the  intersection  of  these  lines  with  the  impost 
line  m n will  define  the  centers  zv  and  x;  from  x as  a center, 
with  a radius  of  6f  inches,  draw  a semicircle.  Locate  the 
centers  y and  z on  the  springing  line  k /,  and  from  each 
center,  with  a radius  of  6|  inches,  draw  arcs  intersecting  the 
center  line  v x and  also  the  circumference  of  the  semicircle 
previously  drawn.  From  the  center  a',  with  a radius  of 
61  inches,  draw  a circle;  the  intersections  of  this  circle  with 
the  vertical  and  horizontal  lines  drawn  through  its  center 
will  define  the  centers  from  which  the  cusps  of  the  quarter- 
foil  can  be  drawn;  mark  the  width  of  the  ribs  and  the  mem- 
bers composing  them,  and  draw  the  curves  from  the  centers 
already  determined,  and  complete  the  tracery. 

Draw  the  recessed  panels,  or  niches , between  the  shafts; 
locate  the  centers  of  the  trefoil  arch  from  the  dimensions 
given,  and  draw  the  cusps,  and  the  angle  molds  around  same; 
draw  the  small  molded  gables,  the  inclination  of  which  is  45° 
from  the  horizontal.  Draw  the  angle  shafts,  with  their 
molded  bases  and  caps,  from  the  dimensions  given ; the  simple 
curves  can  be  drawn  with  the  bow-pencil,  and  the  compound 
curves  freehand.  The  sills  of  the  niches  have  a sloping  sur- 
face, on  which  the  plinth  blocks  detail  as  shown. 

Draw  the  molded  cap  of  the  central  column  on  the  large 
pier,  of  which  ah  is  the  center  line;  having  drawn  the  pro- 
file from  the  dimensions  given,  draw  a semi-octagonal  plan 
by  the  process  described  for  the  octagonal  impost  block,  and 
from  this  plan  project  the  angular  lines. 

Locate  the  centerlines  of  the  foliage  with  which  the  molded 
string-course  above  the  arches  is  decorated;  draw  the  outline 
of  one  of  the  stalks;  transfer  the  outline  by  means  of  tracing 
paper,  and  strengthen  the  lines. 

Observe  that  there  are  three  kinds  of  leaf  clusters  growing 
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out  of  the  stalks,  those  over  the  center  lines  of  the  main  col- 
umns being  similar,  while  the  intermediate  clusters  vary  in 
form.  Sketch  one  of  each  style,  and  transfer  its  outline  to 
the  other  stalks. 

The  leaf  forms  between  the  stalks  are  all  similar,  so  that 
if  one  of  them  is  sketched  in  correctly,  a tracing  can  be  made 
and  transferred  for  the  others. 

Begin  on  the  diaper,  or  surface  ornament,  in  the  spandrel 
on  the  left  of  the  plate;  to  obtain  the  size  of  the  squares, 
divide  the  vertical  height  into  15  equal  parts,  and  make  the 
squares  occupied  by  the  ornament  equal  to  2 of  these  parts. 

Draw  the  grotesque  figure  in  the  spandrel  of  which  cfi s 
the  center  line,  and  also  those  adjacent  to  the  apex  of  the 
arches.  In  order  to  keep  the  drawing  clean  and  facilitate 
the  process  of  inking  in,  the  following  method  of  developing 
the  figures  and  foliage  is  recommended:  Outline  the  space 
to  be  occupied  by  the  subject,  whether  figure  or  foliage,  on 
another  sheet  of  paper;  sketch  in,  at  first  faintly,  with  the 
light  touch  of  a soft  pencil,  strengthening  the  lines  as  they 
assume  the  correct  outline;  when  satisfactorily  drawn,  make 
a tracing  and  transfer  to  the  drawing  plate. 

Having  completed  the  figures,  draw  the  crockets  over  the 
arches. 


DRAWING  PLATE,  TITLE:  CLASSIC  FACADE  1 

19.  This  plate  and  the  one  which  follows  will  constitute 
the  elevation  of  a classic  facade,  suitable  for  an  edifice 

9 

dedicated  to  art  and  science,  such  as  a museum,  academy  of 
design,  technological  institute,  or  some  such  establishment 
that  tends  to  promote  the  educational  interests  of  society, 
especially  those  that  partake  of  an  artistic,  scientific,  and 
literary  character.  The  fagade  is  composed  of  two  Roman 
orders,  the  Ionic  and  Corinthian,  details  of  which  were  given 
on  previous  plates,  so  that  the  student  would  the  more  readily 
realize  the  value  of  the  parts  when  assembled  in  the  general 
design.  In  order  to  obtain  satisfactory  results,  the  most 
accurate  and  careful  attention  must  be  given  to  the  location 


70  ADVANCED  ARCHITECTURAL  DRAWING  § 1G 

of  the  center  lines,  the  determination  and  drawing  of  the 
principal  lines  that  define  the  divisions  of  the  orders,  as  well 
as  to  the  close  observance  and  rendering  of  the  minute  details 
into  which  these  divisions  are  arranged. 

The  ability  acquired  by  the  student  in  former  examples 
can  be  evinced  in  the  mode  of  executing  this  fagade,  and  the 
value  of  precision,  neatness  in  drawing,  and  due  regard  to 
the  little  things  that  the  expert  draftsman  can  only  expect 
to  realize  by  studious  application,  cannot  well  be  better  tested 
than  by  a comparison  of  the  drawing  with  the  plate. 

This  plate  shows  the  first  story,  and  is  drawn  to  a scale  of 
\ inch  = 1 foot,  but  developed  by  a scale  of  modules.  The 
second  story  will  be  given  on  the  next  plate. 

The  first  story  being  designed  in  the  Roman-Ionic  order, 
the  student  is  referred  to  the  drawing  plates  entitled,  Ionic 
Order  and  Ionic  Details,  for  the  measurements  of  the  sub- 
divisions. 

Begin  by  drawing  the  center  line  a b at  a distance  of 
8 1 inches  from  the  left-hand  borderline;  draw  c d,  the  top 
line  of  the  plinth,  at  a distance  of  2|f  inches  above  the  lower 
border  line ; then  draw  c f the  upper  line  of  the  entablature, 
at  a distance  of  26  feet  3 inches  by  scale  above  the  line  c d. 
As  this  vertical  height  defines  the  altitude  of  the  order, 
which  is  equal  to  22^  nr.,  the  measurement  of  this  module 
will  be  26  feet  3 inches  -i-  22£  = 14  inches,  the  unit  for  the 
proportional  scale,  by  terms  of  which  the  elevation  will  be 
developed.  Construct  this  scale  by  drawing  a line  1^  inches 
above  the  lower  border  line,  and  on  it  mark  a point  feet 
from  the  left-hand  border  line;  from  this  point  mark  a 
distance,  by  scale,  equal  to  19  m.  in  length,  or  22  feet 
2 inches. 

Divide  this  distance  into  19  equal  portions,  defining  the 
modules,  and  subdivide  the  first  one  into  6 equal  portions, 
each  being  m. , or  5 p. , which  will  be  the  proportional 
scale  for  the  Ionic  order. 

The  scale  for  the  Corinthian  order , which  will  constitute 
the  second  story  of  the  fagade,  will  be  explained  farther  on; 
observe,  however,  that  all  measurements  above  the  line  e f 
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are  in  accordance  with  the  Corinthian  scale.  The  regular 
scale  of  £ inch  = 1 foot  should  now  be  laid  aside,  as  the  meas- 
urements hereafter  given  will  be  in  terms  of  the  proportional 
scale  just  drawn. 

At  a distance  of  4^-  m.  below  the  line  c f,  draw  gh,  the 
lower  line  of  the  entablature;  divide  the  entablature  into 
architrave,  frieze,  and  cornice,  as  shown,  and  draw  the  hori- 
zontal lines. 

Draw  the  horizontal  line  of  the  base  blocks,  or  plinths,  at 
a distance  of  30  p.  above  the  line  c d,  and  draw  i j,  the  floor 
line,  at  a distance  of  1 m.  and  20  p.  below  the  line  c d.  Draw 
the  vertical  lines  hi,  mn,  op,  qr  parallel  to  the  center 
line  a b,  and  at  distances  apart  equal  to  the  measurements 
given  to  the  right  of  the  center  line  a b. 

As  the  elevation  is  symmetrical  on  each  side  of  the  center 
line  a b,  the  left  half  should  be  drawn  first. 

Commencing  at  the  point  of  intersection  of  the  line  e f 
with  the  vertical  center  line  k l,  mark  a series  of  points  on  the 
line  kl,  defining  the  vertical  subdivisions  of  the  cornice  and 
architrave  of  the  entablature  and  the  capital  and  base  of  the 
column,  procuring  the  measurements  from  the  drawing  plate 
entitled,  Ionic  Order;  through  these  points  draw  horizontal 
lines. 

Draw  the  profile  of  the  base  of  this  column,  of  which  kl  is 
the  center  line;  then  draw  the  profile  of  the  entablature. 

Draw  the  volutes  of  the  capital  freehand,  first  locating  the 
projection  and  lower  sides  by  the  measurements  given,  the 
details  being  obtained  from  the  drawing  plate  entitled,  Ionic 
Details. 

Draw  the  bases,  shafts,  and  capitals  of  the  columns  of  which 
in  n and  q r are  the  vertical  center  lines,  and  draw  the  plinth 
blocks  under  the  bases  of  the  columns. 

At  a distance  of  11  m.  10  p.  above  the  line  c d,  draw  the 
springing  line  of  the  arches;  then,  from  the  point  of  inter- 
section of  each  vertical  center  line  between  the  columns  with 
the  springing  line,  and  with  a radius  of  4 m.  and  20  p. , draw 
the  soffit  line  of  each  arch. 

On  the  springing  line  mark  a series  of  points  defining  the 
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widths  of  the  members  of  the  archivolt , locating  them  by 
scale  measurements. 

Draw  these  members,  and  locate  and  draw  the  keystones, 
the  sides  of  which  are  radial  lines;  these  keystones  are 
capped  with  an  abacus  and  worked  like  a console  or  bracket 
on  the  face,  as  they  are  in  this  position  designed  to  give  sup- 
port to  the  entablature. 

From  the  intersections  of  the  soffit  lines  with  the  springing 
line,  project  the  vertical  pier  lines.  Mark  the  width  of  the 
impost  blocks,  which  is  30  p. , and  divide  them  by  scale  meas- 
urements into  facias  and  cap  members,  and  profile  them  as 
shown,  and  draw  the  bases  of  the  piers. 

In  order  to  draw  the  dentils  of  the  bed  mold  of  the  cornice, 
first  locate  the  dentil  adjacent  to,  and  also  the  one  which 
projects  beyond,  the  return  line  of  the  frieze;  this  should  be 
done  by  reference  to  the  drawing  plate  entitled,  Ionic 
Details,  which  gives  the  accurate  measurements.  Draw  y z, 
the  center  line  of  the  second  dentil  from  the  return ; divide 
the  horizontal  distance  between  the  line  y z and  the  center 
line  ab  into  80  equal  portions;  each  division  will  be  the 
center  line  of  a dentil.  To  facilitate  this  process,  the  hori- 
zontal distance  can  be  divided  into  4 equal  portions  and  one 
of  these  divisions  subdivided  into  20  parts,  which  can  then  be 
transferred  to  each  primary  division;  as  each  dentil  is  6 p. 
wide,  one-half  of  this  width,  or  3 p.,  can  be  laid  off  on  each 
side  of  the  center  lines  by  means  of  the  dividers  and  the  lines 
drawn. 

By  calculation  it  will  be  found  that  the  groove  between 
the  dentils  is  very  slightly  in  excess  of  that  shown  on  the 
drawing  plate  entitled,  Ionic  Details,  but  this  cannot  be 
obviated  in  order  to  have  the  divisions  close  correctly.  This 
difference,  however,  in  practice,  is  indiscernible,  as  it  is  only 
.025  p.,  or  about  inch. 

Having  completed  that  portion  of  the  elevation  to  the  left 
of  the  center  line  a b , proceed  with  the  development  of  the 
right-hand  portion ; this  should  be  done  before  the  balus- 
trade over  the  cornice  is  drawn,  as  that  portion  of  the  eleva- 
tion above  the  line  ef  properly  belongs  to  the  second  or 
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superimposed  order,  and  the  measurements  thereon  given 
are  in  accordance  with  the  scale  of  that  order.  As  the  super- 
imposed order  is  the  Corinthian,  and  is  also  developed  hy  a 
scale  of  modules,  it  will  first  be  necessary  to  draw  this  scale. 
The  lower  diameter  of  the  column  which  rests  on  the  pedes- 
tal is  the  same  as  the  upper  diameter  of  the  Ionic  column  on 
the  first  story;  therefore,  the  module,  or  semi-diameter,  of 
the  Corinthian  column  will  be  equal  to  25  p.  of  the  lower 
order.  Construct  this  scale,  drawing  the  lower  line  inch 
above  the  lower  border  line;  draw  the  zero  line,  or  the  line 
marked  0,  immediately  under  that  of  the  Ionic  scale,  and, 
as  10  modules  on  the  Ionic  scale  will  be  equal  to  12  on  the 
Corinthian,  project  the  division  marked  10  on  the  Ionic  scale 
down  to  the  Corinthian  scale,  and  mark  it  12 ; then  divide 
the  distance  from  0 to  12  into  12  equal  parts  and  complete 
the  scale,  as  shown. 

On  the  line  q r,  mark  a series  of  points,  defining  the  ver- 
tical divisions  of  the  pedestal,  and  draw  horizontal  lines;  the 
cornice  and  base  lines  of  the  pedestal  also  form  those  of  the 
balustrade,  which  draw. 

Draw  the  pedestal  and  pier  lines  to  the  left  of  the 
center  line  a b.  In  order  to  locate  the  center  line  of  the 
balusters,  which  are  each  1 m.  wide  at  the  base,  mark  a 
point  on  each  pier  15  p.  from  the  edge,  and  divide  the 
distance  between  these  points  into  10  equal  portions;  the 
division  lines  will  give  the  desired  center  lines  for  the 
balusters. 

On  the  center  line  a b,  which  passes  through  the  center 
baluster,  mark  a series  of  points  defining  the  vertical  divi- 
sions, and  draw  the  lines;  then  profile  the  baluster. 

The  swell  of  the  body  can  be  drawn  by  means  of  the  bow- 
pencil  ; the  other  members  should  be  drawn  freehand. 
Observe  that  the  upper  block  of  the  baluster  is  25  p.  wide, 
while  the  lower  block  is  30  p.  wide.  Draw  in  all  the  balus- 
ters to  the  left  of  the  center  line  a b\  then  draw  the  pedestals, 
piers,  and  balustrade  to  the  right  of  the  centerline;  indicate 
the  position  of  the  line  c' d'  by  a dotted  line  at  each  side  of 
the  facade,  and  complete  the  drawing. 
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DRAWING  PLATE,  TITLE:  CLASSIC  FACADE  3 

7 5 

20.  This  plate  shows  the  elevation  of  the  second  story 
of  the  classic  facade,  and  is  developed  by  means  of  the 
proportional  scale  for  the  Corinthian  order  on  the  previous 
plate.  This  story  is  designed  in  the  Roman- Corinthian  order , 
the  details  of  which  may  be  obtained  from  drawing  plates 
entitled,  Corinthian  Order  and  Corinthian  Details,  to  which 
the  student  is  referred  for  the  measurements  of  the  sub- 
divisions of  the  order. 

Begin  by  drawing  the  center  line  a b at  a distance  of 
8|-  inches  from  the  left-hand  border  line;  draw  c' d' , the  top 
line  of  the  cornice  of  the  pedestal  (as  shown  on  the  previous 
plate),  at  a distance  of  2^  inches  above  the  lower  border 
line. 

Transfer  the  position  of  the  center  lines  of  the  columns 
from  the  previous  plate  by  means  of  a strip  of  paper,  locating 
the  points  on  the  edge  of  it  by  means  of  a needle,  and  punc- 
ture these  points  on  the  new  plate,  taking  care  that  the 
center  line  exactly  coincides,  as  upon  this  operation  the 
accuracy  of  the  work  will  depend,  and  as  the  plates  may  be 
united,  as  hereinafter  explained,  the  slightest  discrepancy 
will  be  observable.  The  fagade  being  symmetrical,  the  left 
half  of  it  should  be  drawn  and  completed  before  the  other 
half  is  begun. 

Draw  the  center  lines  of  the  columns  and  arches  in  accord- 
ance with  the  measurements  given;  draw  ef,  the  lower  line 
of  the  entablature,  at  a distance  of  20  m.  above  c' d' , and 
draw  g h,  the  upper  line  of  the  entablature,  at  a distance  of 
5 m.  above  ef.  From  cf  lay  off  a series  of  measurements 
defining  the  widths  of  the  architrave,  frieze,  and  cornice, 
and  draw  the  lines;  from  the  drawing  plate  entitled,  Corin- 
thian Details,  procure  the  measurements  of  the  subdivisions 
of  these  members,  mark  the  points  carefully,  and  draw  the 
horizontal  lines. 

In  locating  the  center  lines  of  the  modillions,  observe  that 
they  should  coincide  with  the  center  lines  of  the  columns  and 
arches  over  which  they  occur;  the  modillions  are  set  at  40  p. 
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between  centers,  and  their  widths  should  be  marked  by  means 
of  the  dividers.  Having  drawn  the  modillions,  locate  the 
center  lines  for,  and  draw,  the  dentils,  observing  that  there 
is  a dentil  immediately  under  each  modillion;  as  the  dentils 
are  set  at  10  p.  between  centers,  the  space  between  the  center 
lines  of  the  modillions  should  be  divided  into  four  equal  por- 
tions, which  will  give  the  center  line  of  each  dentil.  Draw 
the  return  of  the  entablature,  making  the  various  projections 
equal  to  the  measurements  given. 

Sketch  in  the  profile  of  the  lion’s  head  on  the  return,  and 
also  the  blocks,  defining  the  position  of  each  head  on  the 
crown  mold  of  the  cornice,  the  centers  being  immediately 
over  the  modillions. 

Lay  off  the  measurements  for  the  base,  shaft,  and  capital 
of  one  of  the  columns,  and  profile  them  as  shown.  The 
entasis  of  the  shaft  should  be  drawn  by  the  method  given 
for  profiling  the  shafts  on  drawing  plate  entitled,  Corinthian 
Order. 

The  foliage  of  the  capitals  is  drawn  in  block  form,  after 
the  manner  followed  in  drawing  plate  entitled,  Composite 
Order.  Draw  one  of  the  capitals,  and  transfer  the  leafwork, 
by  means  of  a piece  of  tracing  paper,  to  the  others. 

Draw  the  springing  line  of  the  arches,  which  is  12  m.  and 
22^  p.  above  c'  d\  and  from  the  points  of  intersection  of  this 
line  with  the  center  lines  of  the  arches,  with  a radius  of  5 m. 
and  22|-  p. , draw  the  soffit  line  of  the  arches ; on  the  spring- 
ing line,  lay  off  the  widths  of  the  molded  members  of  the 
archivolt,  and  describe  them  from  the  same  center. 

Draw  and  profile  the  impost  blocks  of  the  piers  on  which 
the  archivolts  rest,  and  draw  the  keystones,  which  also  serve 
as  supports  for  the  architrave. 

From  the  line^/q  mark  a series  of  points  on  the  center 
line  a b defining  the  heights  of  the  members  composing  the 
pedestals  of  the  balustrade;  viz.,  30  p.  to  the  top  line  of  the 
plinth,  13  p.  for  the  base  mold,  2 m.  and  18  p.  for  the  height 
of  the  dado,  13  p.  for  the  cornice  of  the  pedestal,  and  12  p. 
for  the  blocking  course  and  the  wash,  or  inclined  surface  of 
the  cornice.  Through  the  points  marked,  draw  horizontal 
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lines;  subdivide  the  cornice  and  base  members  of  the  pedes- 
tal into  molded  parts,  as  shown,  by  scale  measurements. 
Draw  the  vertical  lines  which  denote  the  width  of  each 
pedestal  and  check-block  of  the  balustrade,  and  profile  the 
molded  returns  of  the  bases  and  cornices. 

Locate  and  draw  the  center  lines  of  the  balusters,  by  the 
method  given  for  those  in  the  previous  plate;  divide  the 
height  of  the  baluster  on  the  center  line  a b , by  scale  meas- 
urements, as  shown,  and  profile  its  outline;  the  swell  of  the 
body  may  be  drawn  by  means  of  the  bow-pencil;  the  other 
members  should  be  drawn  freehand;  when  satisfactorily 
drawn,  project  the  horizontal  lines  faintly  across  each  panel 
and  complete  the  balusters. 

In  order  to  draw  the  emblematic  statues  of  Art  and 
Science,  first  draw  the  center  line,  and  mark  the  height  of 
the  figure  by  scale  measurement;  divide  the  height  into  8 
equal  parts,  and  draw  horizontal  lines;  one  of  these  parts 
will  give  the  height  of  the  head. 

On  each  side  of  the  center  line  of  the  figure,  draw  vertical 
lines  at  intervals  equal  to  those  between  the  horizontal  lines, 
thus  forming  a diagram  of  squares.  Draw  a center  line 
through  the  figure  on  the  plate,  and  divide  its  height  into 
8 equal  parts  as  above ; draw  horizontal  lines,  and  form  a 
series  of  squares,  as  was  done  on  the  drawing ; then  observe 
where  the  governing  lines  of  the  figure  on  the  plate  intersect 
with  the  lines  forming  the  squares;  mark  the  relative  posi- 
tions of  the  intersections  on  the  lines  forming  the  squares  on 
the  drawing;  then  sketch  in  the  outlines  freehand. 

Draw  the  vases  which  crown  the  angle  pedestals  in  accord- 
ance with  the  figured  dimensions,  and  complete  the  drawing. 

As  the  width  of  the  facade  and  the  height  of  the  orders 
were  drawn  to  a scale  of  \ inch  = 1 foot,  even  though  the 
design  has  been  developed  by  a scale  of  modules,  still  the 
dimensions  of  each  and  every  part  will  have  a relative  value 
by  the  former  scale  which  can  readily  be  expressed  in  feet 
and  inches,  thus  reducing  it  to  a working  drawing. 

Thus,  a measurement  of  10  m.  and  15  p.  on  the  Ionic 
scale,  the  module  of  which  is  equal  to  14  inches,  will  give 
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10-1.5  m.,  or  12  feet  3 inches;  and  as  10  m.  on  the  Ionic  scale 
equal  12  on  the  Corinthian  scale  (from  the  fact  that  25  parts 
of  the  Ionic  scale  was  adopted  as  the  module  of  the  Corin- 
thian scale),  Ilf  inches  is  the  value  of  each  module  of  the 
Corinthian  scale. 

After  the  student  has  had  his  drawing  corrected  and 
returned  to  him,  he  may,  if  he  so  desires,  mount  the  last  two 
plates  together,  as  one  plate.  If  this  is  done,  the  last  plate 
should  be  cut  on  the  line  c'd'  and  carefully  attached  at  its 
proper  level  to  the  plate  previously  drawn,  by  a thin  film  of 
paste,  which  is  preferable  to  gum,  as  it  does  not  stain  or  dis- 
color the  paper. 
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